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Introduction 


In two previous papers (6, 7) I have presented evidence that 
germination of orchid seeds is dependent upon an available supply 
of organic matter. These papers emphasized the nutritional aspects 
of the problem, and also presented certain views with respect to the 
possible function of the fungus in the pure culture experiments made 
by BeRNARD (1), BuRGEFF (4), and others. All who have studied 
the germination of orchid seeds agree that there is something very 
unusual about the seeds of most orchids, for they cannot germinate 
when merely supplied with water and nutrient salts. According to 
BERNARD, BURGEFF, RAMSBOTTOM (11), and CONSTANTIN and 
Macrovu (5), normal germination is dependent on infection of the 
embryo by the appropriate fungus. Symbiosis is believed by these 
men to be obligative for the normal development of orchids. 

Symbiosis in a broad sense means the living together of two 
dissimilar organisms. Under this definition, a very wide range of 
associations might be considered. The term as applied to the rela- 
tion between the orchid and the orchid fungus includes the idea 
that the fungus is in some manner of benefit to the orchid plant, and, 
according to BERNARD, BuRGEFF, and others, germination is normal- 
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ly induced only after the embryo becomes infected. The experiments 
first made by BERNARD and later by BURGEFF were so striking, and 
to many seemed so conclusive, that obligative symbiosis has been 
accepted as established for orchids. 

According to BERNARD, BURGEFF, and RAMsBortom, the embryo 
becomes infected, and provided that the infection is confined to the 
lower part of the embryo, germination will take place. The explana- 
tion offered is that the fungus increases the concentration of the cell 
sap, and this increase in concentration acts as a physical-chemical 
stimulus to germination. BERNARD suggests that this increase might 
be brought about by the digestion of starch within the embryo, this 
digestion being effected by enzymes excreted by the fungus. He 
recorded experiments in which germination was obtained by the use 
of higher concentrations of the nutrient solution. This nutrient 
contained an extract of the tubers of a certain orchid. In discussing 
these experiments, BERNARD did not emphasize the nutritional 
aspects of the problem, but stated that the higher concentration 
was a physical-chemical stimulus to growth, and that one might 
compare the action of the fungus with the growth stimulus imparted 
to an egg by the spermatozoid. Furthermore, he stated that the 
stimulus to growth induced by the high concentrations of organic 
substances is comparable with the influence exerted by chemical or 
other treatments in inducing the development of an unfertilized egg. 
BERNARD concluded that the stimulus acts to increase the formation 
of absorbing hairs, and with the increased concentration of sap 
there is likewise an increase in the intake of water. BurGErr, while 
differing somewhat in an explanation of the function of the fungus, 
expresses the view that both fungus and orchid are benefited by the 
association. 

The evidence presented by adherents of the symbiotic view of 
germination may be summarized as follows: (1) the roots of orchids 
are generally infected by a characteristic fungus which is considered 
non-injurious; (2) different genera of orchids may have different 
strains or species of this fungus; (3) seeds sown under pure culture 
on various culture media, especially those media containing starch 
or other insoluble organic matter, do not germinate except when the 
fungus is present; (4) germination apparently is induced by some 
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strains of the fungus and not by others; (5) there must be main- 
tained a definite balance between fungus and host; (6) while it is 
recognized that germination of orchid seeds may be obtained by 
the use of sugars in the culture medium, germination under these 
conditions is abnormal, and not of course common in nature. 

In my first paper (6) considerable evidence was presented 
relative to the use of sugars and plant extracts in inducing germina- 
tion. In a second paper (7) I extended these studies to include seeds 
of various orchid genera, and brought out other salient facts relative 
to the subject of symbiosis in orchids. In addition to the experi- 
mental evidence on the nonsymbiotic germination of orchid seeds, 
I included a critical discussion of the evidence presented by BERNARD 
and BurGEFF on the necessity of the fungus. I admitted at that 
time that certain evidence presented by these two investigators was 
difficult of interpretation except on the basis that the fungus was 
essential. ‘The validity of the fungus hypothesis was questioned very 
largely on the basis that BERNARD and BurGeErFrF had failed to take 
into consideration the effect of chemical changes in the external 
medium on germination. Both used organic matter in the culture 
medium. In some cases starch was used. In BERNARD’Ss experiments 
salep was used, which is really pulverized tubers of a certain orchid. 
This latter substance contains some starch, pentosans, some sugar, 
and other organic substances. 

These facts are important because of the well recognized ability 
of fungi to secrete enzymes which are capable of digesting a variety 
of substances. There is stil! another possibility that was ignored by 
the proponents of the symbiosis hypothesis, which is that substances 
secreted by the fungus or produced on autolysis of the fungus may 
be involved in the germination. In my first paper I stated as a 
possible explanation of the favorable effect of the fungus, that “It 
is conceivable that the germination is induced not by any action of 
the fungus within the embryo, but by products produced externally 
by digestion or secreted by the fungus.”’ I also stated that the 
evidence as regards the necessity of the fungus was not yet proved, 
and that considerable work was yet to be done before the validity 
of the fungus hypothesis could be proved or disproved. 


Another phase of the problem was presented by Bernarp, 
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namely, the loss by the fungus of its capacity to induce germination 
alter prolonged culture in the laboratory. I stated: “It is entirely 
possible that there has been no loss in the fungus, but at the time of 
inoculating the culture, the physiological state of the embryos was 
such as to resist or permit of infection. Those in which the infection 
was confined to the lower cells could still germinate despite the 
fungus. Those invaded to a greater extent would be killed. These 
and other experiments suggest that one of the causes of failure of 
germination is the parasitic character of the fungus.” 

In planning these experiments on the relation of the endophytic 
fungus to germination, the questions that arose directly from a 
consideration of the problems were these: Does the fungus change 
starch to sugar? Is there any secretion by the fungus? Are the 
embryos that continue to grow always invaded? Are the embryos 
ever killed by the fungus? Is there any relation between the time of 
infection and the degree of injury or rate of germination? Are the 
external changes induced by the organism sufficient to produce 
germination? Are there any other fungi capable of inducing germina- 
tion? Is there a change in the “‘activity” of the fungus when grown 
under pure culture conditions? Is the fungus equally effective in 
inducing germination under conditions of varying concentration of 
starch? Why is germination of Caétleya not possible with the fungus 
from Odentoglossum? These questions are considered in the experi- 
ments which follow. The evidence presented by these and various 
other experiments leads to but one conclusion, which is that the 
fungus is not necessary for germination, at least for seeds of Cadlleva. 


Methods 


Except where otherwise indicated, the culture methods were 
essentially those described in my first paper. For the most part the 
culture vessels were culture tubes 200 mm. X20 mm. Whenever 
the hydrogen ion concentration was to be controlled, the tubes were 
of Pyrex glass. The nutrient solution used for the most part was 
solution B of my first paper, although in certain experiments the 
dibasic potassium phosphate K,HPO, was replaced by the monobasic 
phosphate KH.,PO,. The reason for this change was to afford a 
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slightly more favorable hydrogen ion concentration. Solution B 
unmodified has the following composition: 


CRO pce ead ace gincac, ea aRED: I gm. 
Pg MOS ilar 1a stat hisard whan Setaakel aowialen 0.25 gm. 
WES OR INETOD sa... on cw no cheeicciaweaee: 0.25 gm. 
REE ine reknnres bv aoe Mee eee an 0.05 gm. 
RIVES ONE 022 cae te grassland aoe eee ©. 50 gm. 


SOE CHRO is saiew inden .. 1000.00 CC. 

To this nutrient solution was added agar at the rate of 1.75 gm. 
for each 100 cc., and sugar or starch as the experiment required. 
The culture medium was heated to “dissolve” the agar, and then 
10 cc. of the solution added to each tube. The tubes were plugged 
with cotton, autoclaved at 15 pounds pressure for twenty minutes, 
and then sloped. Each tube was then capped with a glass vial to 
decrease the possibility of spores lodging on the cotton and growing 
through it or between the cotton stopper and the side of the tube. 

The seeds were sterilized by the use of calcium hypochlorite 
(13), using the filtered solution obtained by shaking 10 gm. of 
calcium hypochlorite in 150 cc. of water. They were then placed 
in a small tube about 60 mm. X6 mm., and the hypochlorite added. 
The tube was then shaken until each seed became moistened, and 
after five or ten minutes in this solution the seeds were sown by 
means of a looped platinum needle, employing the usual bacteriologi- 
cal technique to prevent contaminations. After a few minutes in 
the hypochlorite most of the seeds accumulate on the surface of the 
solution, and are planted by means of a platinum loop without any 
previous rinsing. All the cultures were maintained in a small glass 
compartment in the greenhouse. No attempt was made to maintain 
a constant temperature. In the summer the tubes were shaded from 
direct sunlight. In general the temperatures prevailing were 20°-30° 
in the daytime and somewhat lower at night, except for marked 
departures during the spring and fall, when the houses were not 
heated. 

Hydrogen ion determinations were made of the culture media, 
both inoculated and uninoculated. For this purpose a definite 
quantity of either methyl red or brom thymol blue was added to 
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the culture solution. To distribute the indicator throughout the 
agar mass, the tube was heated or left standing over night, by which 
time the indicator was fairly well distributed. Generally the tube was 
heated. On cooling, the color was compared with standard buffer 
solutions containing a like quantity of the desired indicator. The 
turbidity of the agar was compensated by interposing another tube 
of agar between the buffer solution and the source of light. In some 
of the experiments it was essential to adjust the hydrogen ion con- 
centration of the culture solution. This was accomplished by first 
making up the solution with agar. This was then autoclaved and 
to this was added 0.1 normal HCl until the desired reaction was ob- 
tained. 

Sugar determinations of the culture media containing starch 
were made by extracting the culture medium with 95 per cent 
alcohol. To the culture tube 10 cc. of g5 per cent alcohol was added. 
This was then heated in the autoclave, and when the contents of 
the tube was liquefied it was poured into a beaker containing a 
volume of alcohol ten times that of the original tube content. The 
alcohol precipitated all starch and agar. The alcohol extract was 
then filtered from the residue, and the residue washed with alcohol. 
The alcoholic extract was then evaporated to dryness in a water 
bath, and this residue redissolved in 25 cc. water. Sugar was deter- 
mined by the Walker-Munson method for glucose. When sucrose 
was used the procedure was the same, but the reducing sugar is 
expressed as invert sugar. 

In making growth measurements of these minute objects, the 
diameter of the embryo or protocorm of the seedling was measured. 
Measurements were made by the use of a microscope, using an 
ocular micrometer. The diameter of the embryo is not an exact 
measure of growth, since the embryos of two different culture media 
may not be of the same shape. The embryos at first are somewhat 
oval, later they are spherical, and still later they may become some- 
what top-shaped. It would be an extremely tedious task to deter- 
mine the volume of the seedling, and from most of the data here 
recorded the volume may be calculated from the diameter, since 
the embryos measured were spherical or nearly spherical in shape. 
This is true except for those embryos having a diameter of less than 
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225 wu. Each average figure given for the diameter measurements in 
nearly all cases is the average obtained from measurements of fifty 
individual embryos. 

In studying the infection of the embryo by the endophytic 
fungus, it was found essential to prepare the specimens for micro- 
scopic examination. For this purpose the embryos were fixed in a 
chromo-acetic fixative and carried through the preparatory stages 
for imbedding in paraffin. For the most part fixation was good. The 
imbedded material was sectioned generally about 15 w in thickness 
and then stained with Haidenhain’s iron-alum haematoxylin stain. 
Various other stains were used, but the latter proved excellent as a 
stain for the hyphae. In using this stain the material was first 
overstained and then destained. The fungus retained the stain more 
markedly than the host tissue and protoplasm; consequently 
differentiation was quite marked. 


Isolation of fungus 

The isolation of the orchid fungus gave considerable trouble, 
and various attempts to isolate it resulted only in the isolation of a 
Fusarium and other fungi, some of which were quite destructive to 
the embryos. One of the causes of this failure was that the isolation 
was attempted from portions of the root which appeared most 
heavily infected, and which generally were far removed from the 
root tip. It would appear from such results that in the older portions 
of the roots the orchid fungus is no longer alive, and that secondary 
infections have occurred. There is evidence for this also in the fact 
that complete disintegrations of the roots of Cattleya and of other 
orchids are commonly observed. 

In selecting roots for isolation of the fungus, therefore, healthy 
appearing roots only were selected, which were not at all discolored, 
but had a glistening whitish appearance. From such roots freehand 
sections were made, beginning at the root tip and continuing back 
from the tip until infected cells were found in the section. From 
this newly infected root tissue the isolation was made. The roots 
were thoroughly cleaned in running water and by means of a soft 
brush. They were then immersed for a few minutes in a solution 
of calcium hypochlorite made by shaking to gm. of the hypochlorite 
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in 150 cc. of distilled water, then filtered, and afterwards rinsed in 
sterile distilled water. The roots were then momentarily flamed, 
and by means of a scalpel and forceps the outer velamen was peeled 
off. The root freed of velamen was again passed through a flame 
very quickly. By means of a sterilized razor blade, the root was 
then cut into sections about 1 mm. in length, and one or two of the 
sections placed on the culture medium in a Petri dish. The culture 
medium used was solution B+o.5 per cent starch. Out of sixty-five 
plates made, twenty showed no growth at all; Fusarium and a few 
other fungi appeared in about twenty-five plates; in the remainder 
was noted a rather slow and weak growing fungus which was 
isolated. These appeared microscopically and macroscopically to be 
identical. The plant from which the roots were obtained was a 
vigorous growing plant of Cattleya Portia. 

Using a slightly different procedure, Dixon, working under my 
direction, isolated an organism resembling that of BERNARD, and 
which proved later to be identical with the fungus which I isolated. 


Influence of fungus on germination 

EXPERIMENT 1.—Having isolated a fungus which morphological- 
ly fitted the description given by BERNARD for the fungus of Callleya 
(Rhizoctonia repens), it was first necessary to prove the fungus the 
correct one by inoculation experiments, and to determine its ability 
to induce germination. The criterion of the true fungus, as RAms- 
BOTTOM states, is that it will induce germination. Some preliminary 
experiments gave positive results, although the percentage of 
germination was small. 

A more elaborate experiment was devised, therefore, to deter- 
mine the ability of the fungus to induce germination in various 
nutrient media, and at the same time to determine whether the 
fungus would have any influence on the chemical composition of the 
nutrient medium. If the fungus digested the starch of the nutrient 
medium, changing it to sugar, then the necessary condition would 
be provided for germination, and this fact would need to be taken 
into consideration. The results are given in table I. Three different 
nutrient solutions were used, and to each was added 1.5 per cent 
agar and starch. The solutions used were solution B as previously 








EDS 


5 


KNUDSON—ORCHID SI 


5] 


a 


19 


*Saqny de14) Ul ivsns Jo yuNOWw? [POT 

































































oeeveee SUV CCE +H EOS Ce cesses vees It 0'OOo! | ° poynoout JON | Tue ewe ee ee 6 va 
pvop puv UMOIg Of! 0 OOo! ° Poyenocdt JON f° ees Oovd 
i . 6Lo ° 9 oz Qz Jaquiaydag st CRC NEG CC OT OSS "9 va 
EAS VOC wee ee eee ye sae ean ee TN 1g ose ° gz aaquiaqdag | 
aR io it ats ae hg a itg o'z gI gz aaquiaydag FS 
CCRC eee eee een eeeesreseeeseseese atg O'r Sz gz Jaqua}dag | 
Oe ges ° ge re) gI Jaquiaydag 
er Lol o't og oI Joquiaydag 
ee ee ee gto ¢ om | Ze gI Jaquia}dag | 
| | 
—_—— ! | 
C NOLLATIOS | 
TREC eT Le ee a \° 0'9 zol O'OOr | ° payynsout JON pe he 11 Val 
pvap Apuoredde pur umoig | °o'9 | 191 |  ©°OOI ° Peyemoour Jon | °° “ee “Or yg 
TREE CLUS ARMAS EE OR ea | eae ee | °'9 zli | °'OO!1 ° payrnsout pn ere Se eee ‘6 Va 
peap | | fob | 6£z ©°OO1 ° gz daquiajdag |** "7s 8° +7 “erg 
Afwuoiedde pure umoiq si9yjo || ate i jo'v | ose | O°'OO: ° gz taquiezdesg j°*"°°"** °° : LvVa 
fused 7YS ‘aaye [Gs s19y.O (| r \o'v oye 00 | z Be aouuingtiene | rhe tere Sug 
fud.IS YAVp Sarvop YIEM Md] lo't £1¢ 0°00 ° gt saquiaydag ‘Gikieben ne bya 
| | 
NOILATIOS 
| | | 
prop Apueiedde pur umorg | | os |} Sot | o'oor | ° | parvnsour JON ti Vda 
peop Apuoirdde puv umosrg | tS | oc | ISI | O°OOr | ° | poazemoout JON j******* ll Vd 
pvap Apuoivdde pue umorg |* °° o£ OL O'oor | ° | payenoour ON | ee 
SAARI] OY PUL DUO fUdaIB YALCT | 9'°v 1f9 a | £9 | "ee douse | eee “lL Vd 
paonpoid yea, auo fuses yysrT | yfS6 | gt Lev oor 6 | jipnmoqueydeg poo. oss eee “ted 
paonpoid yea] suo fuses yysVy | | gt gos omae) v1 Ot cenmapaes jo teers ‘Eud 
| | | 
AW AMALIA S wddAdd 
uonnyos nx vay 
UORTPUOS [eIIUat) -Npad JO “SIX naa > Hy "meee r em sod aL 


Wady AGVWN SALON 


‘> ‘ 


ra | 


I ATaVL 


‘c7OI ‘OI U THNALMAS NMOS SGCAAS 











354 BOTANICAL GAZETTE [JUNE 


described, Pfeffer’s solution, and a third designated solution D. 
The formulas for the two latter solutions are: 


Pfeffer’s solution Solution D 
CANO) aicie- sesh sism-owid 4 gm. Gi. 0 a ee neg 2 gm. 
Lt oe Ce eee I gm. APO bce ebees I gm. 
MegSOj9H20 |... 3350: I gm, DIAGN ji dex cowas I gm. 
U2, 0 lei eprareres coc. (NEDO g ie cccdaas 2 gm. 
SG NE eee o.5 gm. PHEIGCD hoe eesh ais 0.5 gm. 
SG gears Sees ere ©.040 gm. PAD WOCED . 60s :0% aK 1 liter 
Distilled water....... 5 liters Potato starch. ..... 0.6 per cent 
Soluble starch........ 0.5 per cent 


An examination of table I brings out a number of significant 
facts. The fungus induced germination, but in no case was 100 per 
cent germination attained at the time of taking the final observa- 
tions. In cultures PA 3, 4, 7, and DA 2 to 8, a greater percentage of 
germination would have been obtained had the culture been left 
in the greenhouse a few weeks longer. The fungus isolated not only 
fitted the description given by BERNARD regarding its morphological 
characteristics, but likewise induced germination. In the absence of 
the fungus no germination occurred, and the growth made by the 
embryos was characteristically slight. From these and other experi- 
ments later described there is abundant evidence regarding the 
effectiveness of the fungus in inducing germination. 

What is the explanation of the stimulating action of the fungus? 
As shown by table I, in the inoculated cultures the hydrogen ion 
concentrations for the PA cultures are equivalent to P, 4.6, while 
in the uninoculated cultures the values are P, 7.0. Likewise the 
values are P,, 4.0 and P, 6.0 for the BA series, while for the DA 
series the values are P, 4.8 for the inoculated cultures and P,6.3 
for the uninoculated. Here is evidence that the hydrogen ion 
concentration is markedly increased by the fungus, and this must 
be due to organic acids produced and excreted by the fungus. 

It will be noticed that the glucose content for the inoculated 
cultures is considerable, while in the uninoculated cultures there is 
practically no sugar. The small amount present probably is due to 
reduction by dextrins which were not precipitated by the alcohol, 
or to slight hydrolysis of some of the dextrin on heating the tubes. 
This shows that the fungus has digested starch, converting it to 
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sugar, and in its metabolism some of its sugar is changed to some 
organic acid. Thus in cultures PA 3, 4, and 7 the total sugar found 
was equal to 95.3 mg., or 31.7 mg. per tube. The original amount of 
culture medium added was tro cc. to each tube, so that on this basis 
the concentration would equal o.3 per cent sugar. At the close of the 
experiment, however, due to evaporation, there was present only 
6 cc. of the culture medium, so that the final concentration was equal 
to 0.5 per cent sugar. 

In cultures BA 4, 5, 7, and 8 the total sugar was 170 mg., or 42.5 
mg. per tube. On the basis of 10 cc. per tube the initial concentration 
of sugar would be 0.4 per cent, but on the basis of 6 cc. the final 
concentration was about 0.7 per cent sugar. In DA 4, 5, and 7 there 
was present about 60 mg. of sugar per tube. The concentration of 
sugar, therefore, was nearly twice that of cultures PA 3, 4, and 7. 
This probably is the reason of the greater growth in the DA series. 

The studies made by NANz in this laboratory (not yet pub- 
lished) show that at a hydrogen ion concentration of P,6 growth 
is slow, even though sugar is provided; but at a hydrogen ion con- 
centration of P, 4.7 to Py 5.2 growth is very much accelerated. 
At the higher P, value the embryos are yellowish or even whitish 
in color, but at the higher hydrogen ion concentration (lower P,) 
the embryos become deep green. The presence of sugar and the 
favorable hydrogen ion concentration are altogether adequate to 
explain the germination, without ascribing it to any internal action 
of the fungus. 

Another interesting aspect of the fungus relationship is developed 
by the data in table I. It may be noted that in Pfeffer’s solution 
only a relatively low percentage of the embryos were killed. With 
but two exceptions this is likewise true for the DA cultures. On 
solution B, however, a rather high percentage of the embryos in the 
inoculated cultures were killed. These data suggest that the degree 
of infection of the embryo depends upon the nutrient solution used, 
which in turn affects the physiological state of the embryo. 

Slides were made of material from all these cultures, following 
the methods previously described. Microscopic examination of 
serial slides of individual seedlings of the inoculated cultures of 
series PA revealed some interesting facts. Not all of the seedlings 
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were infected by the fungus; some were markedly infected and others 
but slightly so. In the latter case the fungus was confined to one or 
two cells at the base of the protocorm. The fact that not all the 
seedlings were infected is significant, for if some develop without 
being infected, then it is apparent that the stimulative effect of the 
fungus is not internal, but is due to chemical changes in the culture 
medium. Results of like character were obtained with material of 
the other series. 

EXPERIMENT 2.—In this experiment the methods used were 
essentially the same as those of the preceding experiment. Solution 
B was used, modified by substituting KH,PO, for K,HPO,, and 0.25 
per cent soluble starch instead of 0.5 per cent. The KH,PO, was 
used to give initially a more favorable hydrogen ion concentration. 
The lower concentration of starch was used because BURGEFF used 
concentrations close to this value in some of his experiments. These 
cultures were kept in the laboratory three or four days before they 
were taken to the greenhouse. Detailed data are given in table II. 
These data indicate that the fungus was favorable to the germination 
of some of the seeds, but most of them were killed. A few of those 
living had produced leaves, but not all were green, indicating the 
pathogenic character of the fungus. Ninety per cent of the seeds 
were killed in the inoculated cultures, while in the control cultures 
the embryos were still living, but of course had made but little 
growth. Furthermore, in the cultures RA 11, 12, 15, and 16 the 
large living embryos or seedlings were infected but slightly, while 
most of the smaller embryos which had been killed were completely 
invaded. The explanation for the high mortality must be ascribed 
to the low concentration of starch and a consequently low concen- 
tration of sugar. 

EXPERIMENT 3.—In view of the fact that so many seeds were 
killed by the fungus in experiment 2, and since the results were so 
unsatisfactory from the standpoint of favorable germination, 
another similar experiment was made. Some of the evidence in 
table I indicating that less injury resulted if the cultures were 
inoculated some days after sowing, it was decided to inoculate the 
cultures some time after the date of planting. One series was 
inoculated a week after planting, while the second series was inocu- 
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lated nearly six weeks after planting. The observation made by 
BERNARD and BurGerF that the fungus produced a marked accelera- 
tion in growth of the embryo was noted in this and other experi- 
ments. The data appear in table III. 


TABLE II 


Cattleya HYBRID SEEDS PLANTED AND CULTURES INOCULATED DECEMBER 21, 1922; 
NOTES MADE JUNE 10, 1923 


| | | 
| Per- |AVERAGE| P,, or |Gtucose 
| 





























H 
CULTURE NO. | CENTAGE | DIAM- OTHER OBSERVATIONS CULTURE |PER TUBE 
| DEAD | ETER (w) | jsout r10N| (MG.) 
Solution B+} starch 
RAY ° 190 All green 56 r.2 
RA 3 ° 103 | All green 5.6 °.8 
RA> ° 190 All green 5.6 0.8 
- / 
Solution heidi starch inoculated 
ee — —— : as 
J} Coe go 315 5 per cent green, 5 per cent t albino 4.2 9.4 
RA td .2.. go 32 5 per cent green, 5 per cent albino 2 7 
4 a b 
tS Fee So 423 | 10 per cent green, 1o per cent albino 4.2 §:$ 
RA 36: ... 85 432 | 6 percent green, 9 per cent albino 4.2 7 ee 
RA 17.. 05 433 | 5 per cent green 2 7.5 
7 ; + ; 
TABLE III 
Cattleya HYBRID SEEDS PLANTED MARCH 15, 1923; CULTURE SOLUTION B+} 
PER CENT STARCH 
AVERAGE DIAMETER OF EMBRYOS 
(u) 
DATE OF INOCULATION OBSERVATIONS MADE JUNE 15 
Apel 13 | May 16 4 Janes: 15 
- nt SS ee paeaas a —|— = SS aint 
Not inoculated... ..... 162 180 | Light green; 3 per cent de: id 
Marc h z 22... 243 288 Dark green; 3 per cent dead 
— BF tig water oo ata ee Ee 8) rare Re ee 2 








52 Dark green; 3 per cent dead 





On October 3 additional notes were taken on this series of cul- 
tures. Those cultures inoculated on March 22 had embryos which 
averaged 315 uw in diameter, while those inoculated on April 27 
were 414 u in diameter. Those of the control series averaged only 
220 w in diameter. In each of the inoculated cultures, 10 to 15 per 
cent of the embryos had developed to a well defined seedling stage, 
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each seedling having one or two leaves. The remainder were just 
about to produce the “leaf point.”” On this same date the culture 
solutions were analyzed for sugar, and hydrogen ion concentrations 
made. The control cultures (not inoculated) gave readings of P, 5.7, 
while the inoculated cultures were P,, 4.4. Starch tests were likewise 
made. All the starch had been digested in the inoculated cultures, 
while in the uninoculated cultures starch had not been changed. 
Sugar determinations were also made. The inoculated cultures 
yielded 2-2.4 mg. glucose, while the uninoculated cultures yielded 
0.3 mg. sugar. 

The data in the table and those obtained on October 3 show the 
favorable effect of the fungus on germination. In this experiment, 
however, there was no killing of the seeds. This is due either to the 
fact that the cultures were inoculated some time after planting, or 
to inherent resistance on the part of the seed to the fungus, and 
perhaps also to the fact that the cultures were taken immediately 
to a well lighted greenhouse in March. 

The fact that all the starch was digested by the fungus, and that 
sugar was produced, together with the production of a favorable 
hydrogen ion concentration, constitutes evidence that external 
changes have taken place, and, as in the preceding experiment, these 
changes are sufficient te cause germination. 

The objection might be made that the amount of sugar in these 
cultures is too little to be of much significance, but it should be taken 
into consideration that these analyses were made nearly six months 
after the date of inoculation, and that higher concentration of sugar 
prevailed earlier in the experiment. The fungus, of course, would use 
sugar in growth, and even after growth some sugar would be used. 
This leads to another point, that in the inoculated tubes there is 
probably an increase in the carbon dioxide content of the air of the 
tubes. This increased CO, content, increased sugar, and higher hydro- 
gen ion concentration would suffice to explain the accelerated rate 
of germination. 


Regarding infection, prepared slides were carefully examined. 
Those inoculated on March 22 were infected by the organism, and 
some small ones were completely invaded. There were very few 
completely invaded, however, and the mortality was slight. While 
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individual embryos and seedlings were not sectioned, it was possible 
to examine the sections serially by the use of a mechanical stage. 
Some of the seedlings in those cultures inoculated on March 22 
were not infected, and more appeared not to be infected in those 
inoculated on April 27. 

When starch is provided as the organic matter in the culture 
media, there is no germination unless the fungus is supplied. The 
explanation of the action of the fungus cannot be ascribed to any 
internal changes induced by the fungus, since many embryos were 
noted which were not infected. The external changes induced by 
the fungus are alone sufficient to induce germination under these 
conditions. 

TABLE IV 


Callleya HYBRID SEEDS INOCULATED AND PLANTED DECEMBER 21, 1922; NOTES 
ON RA 28 AND RA 30 MADE JANUARY 2, AND ON RA 25 AND RA 31 MADE 
JANUARY 29, 1923 

















. . a ss Culture Percentage Average 

Culture solution and condition ne killed diametae P, 
2 Z ne s ae : (uw) aa 
B-+-2 per cent Sucrose ..... cic cees. RA 28 ° 207 5.6 
+2 per cent sucrose, inoculated... . RA 30 12 225 4.2 
B--2 per Cemt SUCTOBE < ..00.0 e665 csc on RA 25 4 316 5.6 
3+-2 per cent sucrose, inoculated. . . RA 31 37 486 4.2 











I.XPERIMENT 4.—-What will be the effect of the fungus on 
germination when sugar is supplied in place of starch? Experiments, 
reported previously, demonstrated that germination is possible with 
sugar, and according to BERNARD and others the sugar would be a 
substitute for the fungus. One might expect, therefore, that in 
cultures containing sugar the fungus would be without any accelera- 
tive effect, since a substitute is provided. Or one might expect that 
if the fungus is of value, due to inducing internal changes, the fungus 
would thereby favorably influence the embryos. There is finally the 
possibility that the fungus might accelerate or retard germination 
because of changing the chemical reaction of the medium. 

The cultures were inoculated on the same day that the seeds 
were planted, and the cultures were kept in the laboratory for three 
days previous to being transferred to the greenhouse. Within the 
lirst two weeks the fungus had accelerated the rate of growth, and 
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by January 21, one month after sowing, those embryos with the 
fungus were much superior to those without the fungus 

The embryos of RA 31 (inoculated) were dark green and the 
leaf point was well defined. The embryos in RA 25, however, were 
light green and the leaf point was not apparent in any of the em- 
bryos. The fact to be noted from the data is that the fungus marked- 
ly accelerated germination. The favorable influence of the fungus 
is here explainable by the change in hydrogen ion concentration of 
the culture medium. The inoculated cultures had a Py of 4.2, those 
uninoculated 5.6. The difference in color and greater growth may 
be attributed entirely to the more favorable hydrogen ion concentra- 
tion. This fact has been well demonstrated by experiments made in 
this laboratory but not yet published. 

Seedlings from RA 28, RA 30, and RA 31 were prepared for 
microscopical examination. RA 28 not being inoculated was of 
course free from infection; RA 30 and RA 31 showed some embryos 
completely invaded. Some were but slightly invaded, and others 
were not infected. 

EXPERIMENT 5.—This experiment was essentially like experi- 
ment 4, but KH.PO, was used in the culture medium and the seeds 
were of a different hybrid. The experiment was made at the same 
time as experiment 3. The data are given in table V. 

On October 3 additional notes were made. The inoculated 
sucrose cultures were superior in size to the uninoculated, and like- 
wise were of a deeper green. Due to the crowding of seedlings, 
growth had been restricted, and the difference apparent on October 
3 would undoubtedly have been greater had more favorable growth 
conditions been provided. In again looking for an explanation of 
the favorable influence of the fungus on germination in the sucrose 
cultures, hydrogen ion and reducing sugar determinations were made 
on May 15. Solution B+2 per cent sucrose not inoculated had a hy- 
drogen ion concentration represented by Py 5.6, and the amount of 
reducing sugar in the culture medium was 15.2 mg. In the inoculated 
culture the hydrogen ion value was P,, 4.0, while the amount of reduc- 
ing sugar was 141.2 mg. The amount of culture medium used was 
8 cc. to each tube, which theoretically (deducting for 1o per cent mois- 
ture in the cane sugar) should have contained approximately 144 mg. 
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sucrose. The facts of significance here are the change of sucrose to 
hexose sugars by the fungus, and the change in hydrogen ion concen- 
tration. From previous experiments not yet published I am inclined 
to believe that the inversion of cane sugar is of no particular sig- 
nificance, but the shift in the hydrogen ion concentration is of great 
importance, 

Embryos and seedlings taken from these cultures were prepared 
for examination. In four or five embryos out of nearly forty exam- 
ined from culture SA 12, infected cells were noted, but most of the 
embryos were entirely free of any infection. In the inoculated 
cultures SA 17, SA 18, and SA 23 not a single embryo or seedling 


TABLE V 


Cattleya HYBRID SEEDS PLANTED MARCH 15, 1923; CULTURE SOLUTION B+2 
PER CENT SUCROSE 





| AVERAGE DIAMETER OF EMBRYOS 














DATE OF | Ct a. ee . 
Sineiae. | nee | ] | OBSERVATION MADE JUNE 15 
| NO April x2 ( —w} May 16 iC 6 no. 
- _ | —_ Ss cee a — _ —————_ 
Not inoculated.|SA7 | 234 |S As 9 si 387 | [SAS | Light green; 5 per cent germi- 
| | | | nated; 5 per cent dead 
March 22......]SA12] 261 |SA1 7| 621 SA 18| Dark green; go per cent germi- 
| | | nated ‘ 
April 27 MGA oe | SA 23] Dark green; 90 per cent germi- 
| | | | | nated 





was found to be infected, showing that the action of the fungus is 
not within the embryo but in the culture medium. 

I.XPERIMENT 6.--In this experiment another Caétleva hybrid was 
used. ‘The results were like those of experiment 5. There was again 
a marked increase in growth in the inoculated over the uninoculated 
culture. The cause of this increase is due entirely to the increase in 
hydrogen ion concentration. None of the embryos or seedlings when 
examined in prepared slides showed any infection. Apparently these 
embryos, as well as those in the preceding experiment, gained 
immunity as a result of having available a supply of utilizable sugar. 
Other experiments of similar character were made with like results. 
The data are given in table VI. 

EXPERIMENT 7.-—-If the action of the fungus is merely on the 
nutrient solution and without any special value within the embryo, 
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then a nutrient solution having the same concentration of sugar and 

the same hydrogen ion concentration as an inoculated culture should 

accelerate germination to the same degree. That such is the case is 

apparent from the results of the following experiment. In one series 

solution B containing approximately 0.05 per cent glucose was used, 

while the second series contained solution B-+-o.25 per cent starch. 
TABLE VI 


Cattleya HYBRID SEEDS INOCULATED AND SOWN FEBRUARY 20; NOTES 
TAKEN MARCH 20, 1923 














; i Average 
Condition of culture solution . _" Petiled “——" Py 
Faas [ee 
ABOCUIANEE soo 5k os caw os DEL I 8 604 4.0 
Not inoculated............ DEI 5 307 5.6 





The cultures of the starch series were inoculated on March 22. The 
seeds were sown on March 15. The data are recorded in table VII. 
Here the interesting fact is to be observed that the inoculated 
starch culture having the same hydrogen ion concentration and 
approximately the same quantity of sugar made almost identically 
the same growth in the same period of time as was found in the 


TABLE VII 











Average Glucose in 








‘. 4 , . |P, of culture 
Culture solution diameter of | # ° . culture 
embryo () medium (mg.) 
Solution B+0.05 per cent glucose.............. 239 0 3.2 
; ) 5 3 ‘ 
Solution B-+-o. 25 per cent starch inoculated. .... 240 4.0 23 





glucose culture. Certainly the infection of the embryo was of no 
special value in this case. 

EXPERIMENT 8.—In all the preceding experiments the culture 
medium contained either starch or sugar. The objection might be 
made that such a medium is not at all comparable with the substrate 
on which orchids grow. Such an objection may be granted, but the 
experimental basis for the symbiotic view is based entirely on the 
use of such media in culture work. In order to answer such criticism, 
however, an experiment was made in which a mixture of equal parts 
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of Osmunda fiber and Sphagnum was used, such as is often employed 
in the germination of orchid seeds. Thirty-seven gm. of such a 
mixture was placed in each of eight Erlenmeyer flasks of 500 cc. 
capacity. ‘To each was then added tr1o ce. of solution B, adjusted 
to a hydrogen ion concentration of Py 4.6 by the addition of hydro- 
chloric acid. ‘This solution contained neither sugar nor starch. These 
flasks were then plugged with cotton and sterilized for thirty 
minutes at 15 pounds pressure. Six of these flasks were then in- 
oculated on May 20 with the orchid fungus and incubated at 206° C, 
On June 9, by which time the fungus had grown throughout the 
upper half of the material, two of the flasks were re-sterilized to kill 


TABLE VIII 


Cattleya HYBRID SEEDS SOWN JUNE 4; NOTES OCTOBER 4, 1023 














Average ; Total reduc- 
Treatment Culture no. diameter |Py of solution] ing sugar 
(pm) present (mg.) 
Control, no fungus... .. SE 1 495 4.4 18.2 
Control, no fungus... . SE 2 531 4.4 480.0* 
Inoculated May 20.... SE 4 531 4.4 40.0 
Inoculated May 2..... SE 6 531 4.4 10.8 
Inoculated May 20... SE 8 378 4.4 40.0 





* Contaminated with Penicillium sp. 


the fungus. There remained two flasks which had not been in- 
oculated and which were the controls. On June 10, seeds of a 
Calileva hybrid were planted in all the flasks, and these were then 
placed in the greenhouse. Observations were made on all these 
flasks on October 4, 1923. The data are given in table VIII. 

The hydrogen ion concentration was determined by extracting 
5 gm. of the medium with 1o cc. of distilled water. This was then 
centrifuged and the supernatant liquid used for the determination. 
Sugar was only roughly determined by extracting the entire mass 
for 24 hours with 95 per cent alcohol. ‘The whole mass was then 
thrown on to filter paper and the alcohol drained off. ‘This mixture 
was then washed with alcohol, and the alcoholic filtrate placed on a 
water bath. When dry, the residue was redissolved in 100 cc. of 
distilled water, filtered, cleared by means of neutral lead acetate, 
and the lead removed by means of sodium sulphate. The filtrate 
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obtained was then analyzed for reducing sugar. The high hydrogen 
ion concentration prevailing at all times rendered it unnecessary to 
examine for sucrose. 

In cultures SE 1, 2, and 6 various seedlings were noted having 
one leaf, and in others the leaf was just appearing. In culture SE 
8 only one seedling with a leaf was noted. Cultures SE 3, 5, and 7 
became contaminated with a Penicillium, but a few seeds near the 
walls of the flasks which were not covered by the fungus made 
excellent development, being superior to any of the others. 

It is obvious from table [X that the inoculated cultures were no 
better than those of the control cultures which lacked the fungus. 
SE 2 was contaminated with Penicillium sp., which accounts for the 
high content of sugar. The growth of the fungus was markedly 
less in the SE 6, which may account for the less sugar. The fact of 
greatest significance is that germination occurred in the flask lacking 
any fungus. If the orchid fungus is essential, we should not expect 
germination under these conditions. 

The objection might be made that the material was sterilized; 
but certainly the concentration of sugar was low, only 18.2 mg. in 
about roo cc. of culture solution. Again, objection might be made 
on the basis that solution B was added, and that the hydrogen ion 
concentration was adjusted; but, with the same hydrogen ion 
concentration, germination has not been obtained on solution B in 
any agar cultures. The evidence points again to the conclusion that 
germination of orchid seed is absolutely dependent on soluble 
organic food obtained from external sources. 

EXPERIMENT 9.--This experiment deals with the effect of various 
fungi on germination of orchid seeds. It has been shown in the 
preceding experiments that the orchid fungus will induce germina- 
tion when the seeds are planted on medium containing starch, and 
likewise that the germination of seeds is accelerated when sugar is 
supplied. The explanation offered is the change in hydrogen ion 
concentration in the sucrose cultures, and in the starch cultures the 
increase in hydrogen ion concentration combined with the formation 
of sugar. In the light of these facts it may confidently be expected 
that any fungus which can digest starch, changing it to sugar, and 
likewise increase the hydrogen ion concentration, should be capable 
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of inducing germination, provided that the growth of the organism 
is not great enough to smother the seed, or provided that the fungus 
is not capable of infecting and killing the embryos. 


TABLE IX 


EFFECT OF VARIOUS COMMON FUNGI ON GERMINATION OF Callleya HYBRID; 
SEEDS SOWN APRIL 14; NOTES MADE AUGUST 19, 1923 


























Series | Fungus ‘pate of | Condition 
| 
Fy een | P hytophthora sp. | 6-15-23 | All very good; none dead; dark green and 
healthy looking; decidedly better than 
checks 
B......| Sclerotinia 6-15-23 | All plants dead and brown 
libertiana 
C......} Oidium lactis 6-15-23 | Fungus failed to grow; no better than 
checks 
D......] Selerotinium sp. | 6-15-23 | = plants dead and brown 
I... ..} Choanophora | 6-15-23 | Plants still green and healthy looking; not 
| cucurbitarum | as good as A but better than checks 
F | Penicillium 6-15-23 | Plants in four of tubes green and healthy 
|  camembertii | but developing slowly; in fifth tube three 
| well developed fern prothallia present, 
apparently as contamination of orchid 
seed; in this tube orchids growing much 
more rapidly, darker green, and looking 
slightly better than those in series A 
G , Corticium vagum_ | 6-15-23 | Good developme nt at first but now turning 
| brown; two of tubes have fern prothallia 
in them and here seeds appear better than 
| in remainder 
H......| Mortierella 6-15-23 | Seed is practically all smothered by dense 
rhizogena growth of fungus; those still uncovered 
| look better than checks 
I Cucurbitaria sp. | 6-15-23 | Seeds still healthy; dark green and devel- 
oping much better than checks 
J | Cladosporium citri | 6 15-23 | Now becoming smothered by fungus; those 
| not covered are of good green color and 
better than checks; one tube has two fern 
prothallia 
k.. | o- 22 (orchid 7-19-23 | Much better than checks; dark green and 
| fungus) | developing rapidly; about equal to series A 
& No fungus 6-15-23 | Seed still green but very small; Raper 
inferior to those in series A, E, F, I, and J 








Solution B+o.5 per cent soluble starch was used and to cc. 
was added to each tube. The tubes were then plugged, sterilized, 
and sloped. Some days after planting, the tubes were inoculated, 
and notes taken, as indicated in table LX. It may be noted that in 
many cases where the seeds were not covered or killed by the fungus, 
the embryos were more advanced than in the control cultures. The 
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cultures inoculated with Phytophthora sp. were especially favorable 
to growth of the embryos. Here we have suggestive evidence of the 
favorable action of various fungi. Unfortunately, the rate of growth 
of some of the fungi was too great, and most of the seeds were covered 
by the developing mycelium. 

Further observations were made on these cultures on October 
27, and the data are given in table X. At this time hydrogen ion 
determinations and reducing sugar determinations were also made. 





TABLE X 
Callleya HYBRID SEEDS PLANTED APRIL 14; NOTES TAKEN OCTOBER 27, 1923 
= SS — : Ra — errant anneneteeoeaaeeeea ————4 
; ' |Average|Percent-| por | — ; 
Series Fungus used width ofjage with} “4. % Notes 
embryos} leaves |Slution| sugar 
present 

A.....| Phytophthora 

sp. 432 It Bets cr dvaca aes ansreyans chs tea mentary ane 
\.....]| Phytophthora 

sp. 369 5 5.1 | 13.5 | Starch in tube entirely digested 
1 ae Phytophthora 

sp. 423 10 5.0 | 22.8 | Starch in tube entirely digested 
Bees Orchid fungus | 468 ite) BOOT. Sivas Starch in tube entirely digested 
Re ee Orchid fungus | 477 16 4.5 | 16.9 | Starch in tube entirely digested 
eS Orchid fungus | 468 II 4.5 | 11.1 | Starchin tube entirely digested 
I... ..] Choanophora 

cucurbitarum| 288 ae 5.4 0.0 | Starch in tube entirely digested 
G.....}| Corticium 

vagum 261 of | 6.4 1.8 | Starch in tube entirely digested 
L.....| No fungus 261 ° 6.4 1.8 | Starch abundant in tube 
L.....| No fungus 243 ° 6.4 1.4 | Starch abundant in tube 
L.....}| No fungus 225 ° Otel ies Starch abundant in tube 




















* Seeds germinated only where not covered by fungus. 


t Seeds smothered by fungus; in one tube two seedlings were produced somewhat later. 


Table X shows that the Phylophthora sp. (isolated from Easter 
lily) is about as effective as the orchid fungus in inducing germina- 
tion. There is a slight difference in the size of the embryos, but this 
may be attributed to the lower hydrogen ion concentration. With 
Choanophora a few seedlings were produced. These were just above 
the mycelial mat. This organism grew more vigorously than either 
the orchid fungus or Phytophthora, which probably accounts for the 
complete absence of sugar in the culture medium, although the 
starch had been entirely digested. With Corticium vagum the starch 
was entirely digested. little sugar was present, but the hydrogen ion 
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concentration (Py, 6.4) was unfavorable to growth. The embryos 
likewise were enmeshed within the ramifying hyphae. The fungi 
that induced germination produced comparable changes in the 
culture medium, namely, increase in the hydrogen ion concentration 
and digestion of starch with the production of sugar. The concentra- 
tion of sugar in series K at the conclusion of the experiment (8 cc. 
remaining of the original 10 cc.) ranged from 0.138 to nearly 0.21 
per cent, while in the Phytophthora series the concentration ranged 
from 0.168 to 0.285 per cent sugar. In cultures with Penicillium 
caumembertii, and also in the cultures with Mortierrela rhisogena a 
few seedlings were produced near the upper portion of the slope and 
above the fungus mat. Most of the embryos were either retarded or 


TABLE XI 


Callleya HYBRID SEEDS PLANTED FEBRUARY; NOTES MADE JUNE, 1923 


Galtave contiiinas | Culture Average 
| no. diameter bw) 
Solution B+4 starch, not inoculated. ..................04. | SC 2 225 
Solution B+3 starch, inoculated seed on surface of medium. SC 32 432 
Solution B+} starch, inoculated but seed adhering to wall of 
tube and not in contact with agar.................... a 198 














killed when covered by the fungus. Such data permit of the con- 
clusion that the external changes only are important. 

Prepared slides were made of a large number of seedlings and 
embryos taken from all of the series included in table XI. These 
preparations were carefully made and thoroughly examined, not 
only with the usual dry objectives, but also at magnifications of 
1200. In no case was any embryo or seedling infected. The strik- 
ingly beneficial effect of Phytophthora and the orchid fungus, there- 
fore, could not have been due to any internal action of the fungus. 
I did not expect to find infection with Phytophthora sp., but I had 
expected to find it with the orchid fungus. These cultures of series 
kK were inoculated three months after the seeds were sown, however, 
and apparently the embryos had become entirely immune to the 
fungus. 

EXPERIMENT 10.~-BuRGEFF, in describing one of his experiments 
with the fungus, stated that the embryos adhering to the inner 
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surface of the tube out of contact with the culture medium ger- 
minated. I suggested that possibly the embryos were in contact 
with droplets of the agar medium adhering to the surface, and that 
the products of digestion or excretion were adequate to account for 
growth. There was also the possibility that, in examining the tube, 
seedlings accidentally became detached from the slope and were 
flipped to the side of the tube. If such embryos on the side of the 
tube could germinate when out of contact with the culture medium, 
then we would have rather strong evidence in favor of the fungus 
hypothesis. 

That embryos adhering to the tube wall out of contact with 
agar do not germinate, and are no better than the embryos on starch 
media uninoculated, has been noted many times in the course of 
my experiments. In at least eight different inoculated cultures with 
solution B +4 starch, seeds have been noted adhering to the wall of 
the tube, and no stimulating effect of the fungus was noted. In 
table XI, data are given on the growth of seeds on the walls and 
on the agar surface of an inoculated starch medium. For compari- 
son, there are given the growth measurements for the uninoculated 
starch culture. The embryos adhering to the wall were all infected, 
so that lack of infection was not responsible for any failure to 
germinate. They were likewise of the usual green color, but not 
having available sugar and possibly also organic acids produced by 
the fungus, germination was not possible. 

EXPERIMENT 11.—That the effect of the fungus on orchid seed 
germination is external and not internal is further shown by the 
following experiment. Six series of cultures were prepared with 
solution B and various concentrations of starch. The inoculated 
series had starch contents of }, 5, 1, and 2 per cent respectively. 
The control cultures consisted of one series with { per cent starch 
and a second with 2 per cent starch. The treatment of these two 
series was identical with the preceding, except that they were not 
inoculated. All of these cultures were planted with the same seeds 
and maintained under the same conditions. On January 10 measure- 
ments were made of the embryos, the figures given under average 
width being again the average of fifty measurements. Hydrogen ion 
concentration and reducing sugar were also determined. The data 
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are given in table XII. It may be noted that, in the two control 
cultures with } and 2 per cent starch, not inoculated, the average 
size of the embryos is only 124 w. In the inoculated cultures there 
is an increase in growth. The higher the concentration of starch 
the greater the sugar content, and therefore the greater the growth. 
It may be noted also that the hydrogen ion concentration of the 
inoculated cultures was increased in all cases to Py 4.7 by the fungus. 

These data give emphasis again to the external changes as the 
important factor in germination under pure culture conditions. 
Certainly if the effect of the fungus were within the embryo, we 
should not expect differences of the character observed. 


TABLE XII 


Cattleya HYBRID SEEDS PLANTED NOVEMBER 10, 1923; NOTES MADE 
JaNvA ARY 10, 1924 


Culture solution | Inoculated Culture |\s idth of ol ae Py of ‘ie 

no. _jembryos} embryos pare aed — on 

| | | Pr fro (mg.) 

Solution B+} percent starch..}| December 11 | SL 2 | arr | 201 | 4:7 | 6.6 
Solution B+ 4 percent starch. .}| Not inoculated | SM 7 124 | 144 5-5 | 0.0 
Solution B+} percent starch. .| December 11 | SM i |} 268] 384 | 4.7] 28.7 
Solution B+1 percent starch..| December 11 | [SN 1 | 31x | 480| 4.7 | 63.8 
Solution B+ 2 percent starch. .| December 11 | SO 2 | 393 | 570 | 4.7 | 121.8 
Solution B+2 percent starch. .} Not inocul: ited | |SO7 rE | 5.5 0.0 








EXPERIMENT 12.—-Some of the previous experiments indicated 
that there is a relation between the physiological state of the 
embryos and the degree of infection. This was shown in experiment 
1, as well as in other experiments. Some of the data suggested that 
the longer the interval of time between the date of sowing and the 
date of inoculation, the less would be the destructive action of the 
fungus. 

In order to determine specifically whether or not the interval of 
time between the date of sowing and the date of inoculation is a 
factor to be considered, the following series of experiments was 
started. Eighty tubes were prepared with solution B, using KH,PO, 
instead of K.HPO,, and §{ per cent starch. Beginning on October 
24, ten tubes were planted with seeds of a Cattleya hybrid. At in- 
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tervals of every two days until November 9, ten more tubes were 
sown with the same seeds, so that the last seeds were sown sixteen 
days later than the first. Then on November 9 five tubes of each 
series were inoculated with the same culture of the orchid fungus. 
By this procedure some cultures were inoculated sixteen days after 
the seeds were sown, others fourteen days later, others twelve days 
after sowing, and so on, until one lot of cultures was inoculated on 
the same day that the seeds were planted. 

At intervals of time the cultures were examined, and finally on 
April 11 notes were taken on these cultures. In the uninoculated 
cultures the embryos were in the small spherule stage, being approxi- 
mately 220 w in diameter. They were green and still living. In the 
inoculated cultures the results were all alike. Of approximately 200 
seeds planted in each tube, only one or two germinated. The re- 
mainder were white or brownish, varying in diameter from 180 to 
450 u. The smaller embryos were heavily infected, and masses of 
hyphae radiated from the embryos. The larger embryos were also 
heavily infected and the cells appeared to be disorganized, showing 
the pathogenic character of the fungus. 

That the activity or the capacity of the fungus was not altered 
by being kept under pure culture conditions is evident from the 
following experiment. Ten of the original control cultures (unin- 
oculated) were inoculated with a subculture of the same organism 
on April 11, 1924. Others of these control cultures were inoculated 
with the fungus from Epipactis and Cypripedium. On May 10, most 
of the embryos were just producing the leaf point and only a few 
were killed. By May 22 most of the seeds had germinated. The 
embryos in cultures of the previous experiment inoculated sixteen 
days after planting were practically all killed, but the embryos of 
this lot inoculated six months later with the identical fungus, or 
inoculated with the fungus from Epipactis or Cypripedium, were 
capable of germination, only a few of them being killed. This 
resistance on the part of these embryos is owing to physiological or 
cell wall changes due to prolonged culture, or else the embryos 
become resistant because of a higher starch content of the medium, 
and consequently on digestion of starch by the fungus a higher sugar 
concentration. 
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When the tubes were prepared the concentration of starch was 
0.25 per cent, but as a result of evaporation the uninoculated tubes 
had a starch concentration of approximately 0.5 per cent on April 11. 
Previous experiments with media containing sugar or high starch 
content, which when inoculated is equivalent to high sugar con- 
tent, showed that the embryos gain immunity by being supplied 
with a relatively high concentration of sugar. This aspect of the 
subject is being investigated at the present time. 

|-XPERIMENT 13.-—One of the strongest arguments advanced in 
favor of the symbiotic view is that the fungus from one genus of 
orchids may be ineffective in causing germination of seeds of orchids 
of other genera. While the fungus from Catileya is effective for the 
seeds of Cypripedium, Cymbidium, and Epipactis, it is claimed to be 
without effect on the germination of seeds of Odontoglossum. Like- 
wise the fungus of Odontoglossum does not bring about germination 
of Catlleya seeds. Lacking plants of Odovtoglossum, I have not as 
yet been able to obtain this fungus, but the effect of fungi isolated 
from Cattleya, Epipactis, and Cypripedium on seeds of Odonto- 
glossum was determined. 

For determining the effect of these fungi, five tubes of solution 
B+ 4 starch were sown with seed of an Odontoglossum hybrid, and 
inoculated with the fungus from Cuitleya, This was repeated with the 
fungus from Epipactis and Cypripedium. Another similar series was 
provided, using 5 per cent starch in place of } per cent. With these 
fungi there was no germination. Upon examination it was found that 
every seed had been killed. Most of the seeds were completely 
invaded, and masses of hyphae were present. The failure of the 
fungi isolated from Callleva, Cypripedium, and Epipactis to produce 
germination is due, not to failure to infect the seeds, but to the 
extremely pathogenic character of the fungus for the seeds of 
Odontoglossum. Seeds of Odontoglossum sown on solution B+ 2 per 
cent sucrose adjusted to Py 4.5 germinated and made excellent 
growth. 

Summary of experiments 

1. A fungus resembling morphologically that described by 
BERNARD as Rhizoctonia repens was isolated from Cattleya, Cypri- 
pedium, and Epipactis. 
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2. This fungus was capable of inducing seeds of Cattleya to 
germinate on a medium containing starch. 

3. This fungus accelerates the growth of orchid seeds in solution 
B containing sucrose. 

4. The fungus may permit of complete germination or may kill 
every seed in the culture. One of the factors which controls the 
degree of infection is the concentration of starch used. This means, 
of course, that ultimately it is the concentration of sugar. 

5. In the culture medium containing starch in which germination 
occurs when the fungus is present, the following changes occur. The 
starch finally is completely digested, and sugar is produced. The 
hydrogen ion concentration is changed from a value which is un- 
favorable for growth, to one which is favorable. These external 
changes are sufficient to bring about germination 

6. Germination may be effected by the fungus, even though no 
seeds are infected. 

7. The fungus hastens germination of seeds in solution B+2 
per cent sucrose. The acceleration is due to the increase in hydrogen 
ion concentration, and not to any internal action, for the embryos 
are not infected. 

8. Germination was obtained without the fungus on a peat and 
sphagnum mixture with solution B adjusted to Py 4.6, and the ger- 
mination was just as rapid as when the fungus was supplied. The 
fungus is without any value here. 

9g. The growth of the embryos with solution B+o0.05 per cent 
glucose, with a hydrogen ion concentration Py 4.6, is about the same 
as with solution B+ 4 per cent starch inoculated with the fungus. 
The sugar content and hydrogen ion concentration of the latter were 
practically the same as those of the glucose culture. 

10. Phytophthora sp. is about as favorable to germination as the 
orchid fungus. The chemical changes induced in the culture medium 
by the former are nearly the same as those produced by the orchid 
fungus. Germination was effected by other fungi. 

tr. In an experiment in which solution B was used with concen- 
trations of starch varying from } to 2 per cent, with the fungus, the 
growth increased with the concentration of starch. With 4 per cent 
starch, germination was not attained, even after six months. For 
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each increase in starch content there resulted, because of digestion 
by the fungus, a progressive increase of sugar. The hydrogen ion 
content was the same in all cases. 

12. In determining the effect of the fungi isolated from Cattleya, 
Epipactis, and Cypripedium on seeds of Odontoglossum, it was found 
that these fungi are extremely pathogenic, and practically every 
seed was killed. Without the fungus the seeds turned green and 
were still living after six months; with sugar supplied, the seeds 
germinated. 

Discussion 

The symbiotic theory rests very largely upon two facts. The 
first is that the roots of orchids are generally infected by a fungus, 
which fungus is generally believed to be of some value to the orchid. 
At present, however, it must be granted that no evidence has yet 
been presented which indicates any favorable effect of this infection 
on the orchid plant. The presence of the fungus in the roots of 
orchids is not evidence that the fungus is essential. ‘The association 
of fungus and root may be merely incidental and not of any signifi- 
cance. CONSTANTIN and MAGRou go so far as to state that the 
relationship is quite intimate, for they practically state that it is 
no more permissible to consider an orchid, which lacks the fungus, 
as an orchid, than it is permissible to consider the individual plant 
components of a lichen as a lichen. The fact remains, however, that 
no proof has ever been presented to show any beneticial effect of 
the fungus, unless we accept the conclusions of KusANO (9), who 
stated that Gastrodea elata, a rather unusual Japanese orchid, will 
not flower unless infected by Armillaria mellea. Incidentally this 
organism is quite distinct from the real orchid endophyte 

The proponents of the symbiotic view state that the experiments 
of BERNARD and BurGeErF prove that the orchid fungus is essential 
for germination. In my first paper I stated that under the conditions 
of pure culture, as followed by BERNARD and BurGerr, the fungus 
was essential, but I suggested that the fungus was of value in these 
cases only because it changed starch to sugar or increased the 
quantity of other soluble organic food as a result of digestion 
processes and by excretion of favorable substances. The experiments 
reported in this paper show that the external changes induced by 
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the fungus are sufficient to explain germination when the fungus is 
supplied. These changes induced by the fungus are digestion of 
starch, formation of sugar, and the production of a favorable 
hydrogen ion concentration. These changes are in themselves ade- 
quate for inducing germination. In addition to these facts, however, 
evidence is presented showing that even on a starch medium, in- 
fection of the seedlings did not always occur, although the seeds 
germinated. Germination on a starch-containing medium was 
obtained also with fungi not related to the orchid fungus. To be sure 
this fungus was slightly superior, but the more favorable action of 
this fungus could be explained on the basis of more desirable changes 
induced in the culture medium. 

BERNARD emphasized the fact that a delicate balance had to be 
maintained between the fungus and embryo. He states: “The 
germination by inoculation is not without certain difficulties. ... . 
For the majority of seeds, the association with the fungus that I have 
placed in their presence has been merely passive and without effect, 
or impossible or rapidly injurious to the embryos.”’ 

CONSTANTIN and MacGrou have criticized me for quoting 
BERNARD in this manner. This quotation was made to lend empha- 
sis to the idea that the fungus was at times a real pathogen. I stated 
in my first paper as follows: “It is possible that the fungus instead 
of being an aid in normal germination, is a factor in the death of 
the embryos and consequently in the failure of germination.”’ That 
such is the case must be apparent from data supplied in experiment 
12, where less than 1 per cent of the seeds were able to germinate 
after a period of six months. In the control cultures not inoculated 
the seeds were still all alive. 

One of the arguments that might be offered in favor of the sym- 
biotic conception is from the experiments of BERNARD on the differ- 
ence in “activity” of the fungus when isolated from different species 
of orchid, and also the so-called loss in activity when the fungus is 
grown under pure culture conditions. If the interpretation put upon 
these experiments by BERNARD were accepted, it would be necessary 
to conclude that symbiosis plays a réle in orchid seed germination, 
but I am convinced that this interpretation is not correct. Before 
considering in detail one of these experiments, it is necessary to 
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define what BERNARD means by activity. He states: “I have con- 
sidered that fungus the most active which, all other conditions being 
equal, causes the most rapid germination, the greatest number of 
seedlings, or the best developed seedlings in a given time.”’ In this 
particular experiment BERNARD determined the influence of the 
duration of pure culture conditions on the activity of the fungus. 
The initial isolation of the fungus was made December 1905, and, 
of course, repeatedly transferred during the subsequent three years, 
when finally the activity of the fungus was compared in its influence 
on germination with the activity of subcultures of this same fungus. 
The different subcultures during the three years, however, had 


TABLE XIII 























rb. — Date of isolation Origin Subsequent treatment Pure culture 
Mycelium C.. | December, 2008 Wy. 6i.< s Pvcdsre ume a nine ctw n eee a ersio’ 3 years 
Mycelium Cy | June 6, 1905 Cc March 1 to June 6, 1906, in 
| Laelio seedlings (67 days) 19 months 
Mycelium C2..| October 26, 1906 | Cy June 15 to October 26, 1906, in : 
| Laelio seedlings 14 months 
Mycelium C;..} May 3, 1907 | G November 14, 1906, to May 3, 
1907, in Cattleya seedling 8 months 
Mycelium C,..| November 14, C; | July 1 to November 14, 1907, 
| 1907 in Cypripedium seedling 1. 5 months 





each a different history. The fungus kept under pure culture condi- 
tions throughout the period was labelled C, but C, had the following 
history. It was used for inoculating seedlings of Laelio on March 1, 
1905, and reisolated on June 6, 1905. Thereafter it was maintained 
under pure culture conditions. The history of the other subcultures 
is indicated in table XIII. The results were striking. In the tube 
inoculated with culture C, the seeds did not exhibit any development 
whatsoever; with culture C, only a single seedling was produced, with 
but a very small percentage of seeds which showed any appreciable 
development; with C, approximately 5 per cent of the seeds produced 
seedlings; while with C, a high percentage of seedlings was produced. 
The data indicated that the shorter the time between the date of 
isolation and the date when the fungus is used for inoculation, the 
more effective is the fungus in inducing germination. 

Assuming that the orchid cultures were all maintained under 
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identical conditions, one would have to conclude that the diiference 
in the life histories of the fungus is a factor in its ability to induce 
germination. This may be accepted, but the explanation is not a 
loss of activity in the sense that the seeds are not injured, but the 
failure of germination is due to the fact that the fungus has behaved 
as a strong pathogen, and with cultures C and C, most of the seeds 
were killed by the fungus. In other words, the most active fungus 
is the one which is the weakest pathogen. 

In the course of my various experiments with the fungus I have 
had germination varying from o to too per cent. I have not as yet 
had the opportunity to determine precisely what conditions make 
for a low or a high percentage of germination. In general, however, 
the results indicate that the higher the starch content of the culture 
medium, the higher will be the sugar content of the medium, and 
consequently the lower the mortality. The composition of the nu- 
trient solution, the length of the interval between the date of sowing 
and the date of inoculation, and the kind of seeds used are all fac- 
tors to be considered. Some preliminary experiments indicate also 
that the composition of the medium on which the fungus has grown 
is a factor in the virulence of the organism. 

Another argument advanced by RAmssporrom in favor of the 
symbiotic conception is that the fungus of Odontoglossum is without 
any effect on Cattleya, and likewise the Catlleva fungus is without 
any effect on Odontoglossum. I have tested the fungi isolated from 
Cattleya, Epipactis, and Cypripedium on Odontoglossum seed, and in 
each case the seeds were killed. The significant fact is that the fungi 
from Catlleya, Cypripedium, and Epipactis all killed seeds of Odonto- 
glossum. This being so, it is possible that one of the difficulties in 
the germination of Odontoglossum seeds is that the fungus from 
Cattleya is present in the greenhouse, and is particularly destructive 
to the embryos of Odontoglossum. 

Other evidence that might be cited from the work of BERNARD 
in favor of the symbiotic view of orchid seed germination is his 
experiments with Bletilla hyacintha. He found it possible to ger- 
minate seeds of this orchid without the use of any fungus, but the 
seedlings produced were somewhat attenuated. With the fungus the 
seedling formed a protocorm and was more compact in structure. 
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BERNARD maintained that the fungus, through internal action, in- 
duced chemical changes resulting in a high concentration of sap. 
The high concentration of sap in turn caused the difference in the 
type of seedling. BERNARD’s evidence that the fungus causes an 
increase in concentration of the cell sap was that he grew the fungus 
in a nutrient solution containing salep and sucrose, and found that 
it produced an increase in concentration of the nutrient solution, 
this increase being due largely to the inversion of sucrose and diges- 
tion of starch. Here was a clue to a rational explanation of the func- 
tion of the fungus in his experiments, but, from the fact that the 
fungus brings about an increase in concentration of the nutrient 
solution, he assumed that the same may take place in the embryo. 

In interpreting the differences in the structure of Bletilla seed- 
lings with and without the fungus, one must take into consideration 
a number of facts. In the first place, any plant growing in a small 
inclosed tube or flask which is tightly stopped with cotton will be 
restricted in growth due to a decreased rate of photosynthesis. In an- 
other paper (8) I presented evidence to show that the cotton stopper 
impeded the diffusion of carbon dioxide into the vessel. MoLiiarp 
(10) demonstrated that radish plants growing in flasks under pure 
culture conditions produced enlarged roots only when a relatively 
high concentration of sugar was provided. BERNARD explained the 
formation of storage roots on the basis of concentration, but the 
logical explanation is that the storage root is formed only when 
sufficient food is present. 

The compact type of seedling formed by Bletilla when the fungus 
is present is explainable then on the fact that the fungus changes 
insoluble foods in the salep to soluble foods, and that as a result of 
respiration of the fungus the carbon dioxide content of the tube is 
augmented over that in tubes without the fungus. 

In considering finally the evidence for the necessity of the fungus 
for germination, and, as CONSTANTIN and MaGrov state, the neces- 
sity of the fungus for the normal development of the plant, it must 
be granted that the only evidence is the almost constant association 
of fungus and the orchid plant. That the fungus is necessary for 
growth of the orchid is not true. In my second paper I described an 
experiment in which seed of Cadtleya were germinated without the 
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fungus, but with sugar. When the embryos were about 0.6 mm. in 
diameter, they were transplanted to a nutrient solution entirely 
lacking in any organic food. These seedlings were transplanted 
several times. The largest seedling now, after three years of growth, 
has five large leaves 8-15 cm. in length, and well formed pseudo 
bulbs. The plant, except for the first two months, has been supplied 
merely with solution B, and has been grown entirely within a flask. 
Any orchid grower would pronounce it a very good three-year-old 
plant. 

The explanation of the failure of orchid seeds to germinate when 
provided with all the conditions that permit of the germination of 
most seeds, is to be found in the organic food relations. The seeds of 
orchids are lacking in food reserves. There is no endosperm or 
cotyledon, but the seed is a simple undifferentiated embryo. I have 
made various analyses of seeds of Cattleya for sugar, starch, and fat 
(ether extract). No starch was present; the total sugar amounted to 
1.2 per cent; while the fat content was equal to 32 per cent of the 
dry weight. Growth of the embryo will continue for a time at the 
expense of the reserve food, but ceases sooner or later. If the 
embryos are then supplied with sugar, growth will continue and 
germination occur. As presented in my second paper, this suggests 
that orchid embryos are dependent on an outside source of organic 
food for continued development. This must signify that even in 
those embryos that are provided with chlorophyll, photosynthesis is 
lacking. It would seem that photosynthetic activity in the orchid 
is delayed, due to the lack of some internal factor, as reported by 
Briccs (2, 3) for other seeds. If the embryos are carried over this 
critical period, then they are thereafter self-sustaining. 

The significant fact has been noted that the seeds of terrestrial 
orchids may germinate in nature under conditions where chlorophyll 
is entirely lacking. These embryos are purely saprophytic. The 
conclusion seems to be warranted that under natural conditions 
the orchid embryos are dependent for continued development on an 
appropriate supply of organic food, which must be absorbed from 
the material on which the seeds are germinating. Under natural 
conditions this food is made available to the orchid embryo by the 
digestion of organic matter, which transforms the insoluble sub- 
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stances to soluble products. Some of these substances are absorbed 
by the embryos and are used in the metabolic processes. Under 
natural conditions the orchid fungus may function in these digestive 
processes, but it would be pure assumption to conclude that no other 
microorganisms are involved in this transformation. Sugars are un- 
doubtedly formed, although the concentration would be low. It would 
seem that other substances are more effective. Additional discus- 
sion of this aspect of the problem may well await further inves- 
tigations on the photosynthetic and food relationships of orchid 
embryos. 
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TROPICAL LIGHT WEIGHT WOODS 
Karan €., Hype 
(WITH PLATES XXVI-XXVII1) 

Light weight woods have come into prominence in the last dec- 
ade, as the source of material for the manufacture of “‘buoyant 
and insulating products.’ The extent (15) to which the wood of 
Ochroma was utilized by the allied nations during the recent war, in 
the production of lifeboats, refrigerators, floats, and in the construc- 
tion of parts for aeroplanes is well known. CARPENTER (4) studied 
the wood of O. lagopus, and has briefly set forth its anatomical and 
physical characteristics. He has correlated these characteristics 
with the efficiency of the products, by showing that the insulating 
properties of this wood are much higher than those of any other sub- 
stance in commercial use, this being due to its peculiar histological 
structure. The properties cf its high insulation against heat. its light 
weight, and proportionately great structural strength, are no doubt 
its most valuable qualities (1). The utilization of these weods for 
lining refrigerator cars, for cold storage plants, and for iceboxes has 
become very general during the past four or five years. This has re- 
sulted in decreasing considerably the losses formerly experienced in 
the marketing of perishable products, and has consequently in- 
creased the efficiency of the carriers of foodstuffs throughout the 
world. 

As has been pointed out by RowLer (16), light weight woods fall 
naturally into two categories: (1) those in which the elements are 
arranged in a relatively homogeneous mass; and (2) those in which 
soft parenchymatous masses alternate with more or less continuous 
bands of thick walled elements. The first are homogeneous, the sec- 
ond laminated woods. This latter type of wood occurs frequently in 
the tropics, some species presenting a more laminated structure 
than others. VOLKERT (20), in a histological study of Jacaratia 
spinosa (Caricaceae), found that the only lignified elements in the 
stem are the vessels; that the wood resembles the tissue of a turnip; 
and upon drying loses its form, and shrinks to a small fraction of its 
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original volume. The nearest approach to a laminated type of wood 
in northern latitudes occurs in the Juglandaceae, where very thin 
tangential bands of parenchyma occur in the annual ring. These are 
especially prominent in J/icoria. 


Geographical distribution 

Trees producing light weight wood appear to be confined to cer- 
tain geographical areas, and in general their distribution is limited 
to the zone shown on SCHIMPER’s (17) map as the “luxuriant tropi- 
cal rain forest.” With the exception of Adansonia, which includes 
the “baobab” tree of Africa, the trees are confined to the wet, hot 
regions of Central and South America. 

In Central America the trees are rarely found in the dry regions 
of the south coast, northwest of Panama, a region much drier than 
that along the north coast. In Central Panama the conditions are 
somewhat different. South and east of the Canal Zone, the humid 
region is not confined to either coast, but involves the whole breadth 
of land areas, from coast to coast. The rainfall and humidity gradu- 
ally become greater on the south and west coasts, whereas the north 
and east coasts become relatively dry as one approaches Venezuela. 

On the west coast of Colombia the humid region continues, espe- 
cially along the foot of the Andes, as far south as southern Ecuador. 
This is indicated by the large number of species common to the north 
coast of Central America, and to the west coast of Colombia and 
Ecuador. It is in this continuously humid, hot belt, centering in 
Panama, that these trees reach their maximum both in size and num- 
bers. Here are found species of the following genera that produce 
light weight woods: Ochroma, Heliocar pus, Pachira, A peiba, Cordia, 
Cavanillesia, and Wercklea. There are no doubt others that will be 
discovered with further exploration. The majority of trees produc- 
ing light weight wood belong to the closely related families Tiliaceae 
(Heliocarpus, A peiba), Malvaceae (Wercklea), and Bombacaceae 
(Pachira, Ochroma, Cavanillesia). To the Boraginaceae, a somewhat 
unrelated family, belongs Cordia. 


Material and methods 
Because of the increased economic importance of light weight 
woods and of the almost complete lack of literature concerning them, 
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the writer undertook a detailed histological study of representatives 
of all the preceding genera, with the exception of Ochroma. For the 
structural study of laminated wood, four species were used which 
differ markedly in the degree of lamination, as well as in other his- 
tological characters. They are Heliocarpus popayanensis, H. appen- 
diculatus, A peiba aspera, and Cordia heterophylla. For the study of 
homogeneous light weight wood three species were used, namely 
Pachira barrigon, Cavanillesia platanifolia, and Wercklea insignis. 

The method employed in sectioning the wood, in general was as 
follows. The areas for treatment were carefully selected to avoid 
knots, season checks, or other irregularities, and blocks approxi- 
mately 6 mm. square were cut. Care was exercised to expose perfect 
transverse, tengential, and radial aspects on the surface of the block 
(3). The blocks were given a thorough boiling to drive out the air, 
but in doing this it was necessary to be very careful, as a prolonged 
boiling caused the tissue to crumble. This process did not remove all 
the air, and it was necessary to use the air pump for this process. The 
blocks were then treated with a 50 per cent solution of hydrofluoric 
acid for four to eight days, depending upon the hardness of the wood. 
After washing out the acid, the blocks were usually imbedded in cel- 
loidin, according to the method given by PLowMAN (11). In some 
cases it was found that by softening the blocks for two weeks in a 
mixture of 50 per cent alcohol and glycerine, after removing the acid, 
satisfactory sections could be cut on the sliding microtome without 
previous infiltration. For staining the sections, Delatield’s haema- 
toxylin in combination with safranin gave the best results. For ex- 
amining the sculpture of the walls, unstained sections mounted in 
glycerine jelly were very satisfactory. For studying the individual 
elements, macerated material mounted in glycerine jelly was used to 
advantage. To make the elements more easily studied, they were 
stained in a saturated solution of nigrosin in picric acid, according to 
the method given by Lee (8). This helped appreciably in outlining 
them with the camera lucida. 


Heliocarpus popayanensis 
LocaLity AND HABIT OF GROWTH 


Heliocar pus belongs to the Tiliaceae. It is exclusively a genus of 
the American tropics, being found in southern Mexico and extending 











1925] HY DE—LIGHT WEIGHT WOODS 383 
from this northern limit to Chili. The number of species in the genus 
is questionable, but according to Rose (14) is between fifteen and 
twenty. /Heliocarpus popavanensis was first described in 1821. The 
type specimen was collected near Popayan (6), United States of Co- 
lombia. The specimen from which the wood for this study was taken 
corresponds closely to the type, and was collected between Huigra 
and Bucay, Ecuador, July 6, 1921, at an altitude of approximately 
1000 m.' The plant has been reported from Mexico, Ibague, Island 
of Tobago, Panama, Santa Marta, and Bolivia. The species is some- 
times confused with /7. americana, but differs from it in being a much 
larger tree, and in having larger and more pronounced trilobed 
leaves. The tree is called Balsa Menudito in the Magdalena Valley. 
The natives of Ecuador call it Balsa Bobo, or Fool’s Balsa, because 
of its superficial resemblance to Ochroma, the wood of which is known 
by the Spanish name Balsa throughout Central and South America. 

The tree from which this sample was taken was 25 cm. in diame- 
ter, and a short distance above the ground divided into several 
branches. In outward appearance it resembled the American smoke- 
tree, Rhus cotinoides Nutt. It had the general appearance of a plant 
that was growing out of, or at, the extreme limits of its range. The 
tree, according to the collector, occurs quite commonly throughout 
Ecuador. It is closely related to the basswoods of North America. 


GROSS ANATOMY 

The wood of this tree belongs to the category of a light weight 
laminated wood. The laminations are very pronounced near the 
pith, but near the periphery they are scarcely noticeable until sec- 
tions of the wood are stained. The light weight of the wood is its 
most striking characteristic. This lightness is due to the thinness 
and the unlignitied character of the walls of the bulk of the elements 
composing the wood, together with the comparatively large, air- 
filled lumina. The wood is white with a tendency toward flesh color. 
There is no perceptible difference in the color of the sap wood and 
that of the heart wood, but the latter is softer, lighter, less lignified, 
and less fibrous than the former. The wood is odorless and tasteless. 
Near the periphery it weighs 19 pounds per cubic feet when oven- 

* All species discussed in this paper were collected by Professor W. W. RowLer, 
unless otherwise stated. 
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dried to constant weight at a temperature of 1oo°® C. It has a spe- 
cific gravity of 0.30. Near the pith it weighs as low as 12 pounds per 
cubic foot. “Ripple marks” are readily seen with the unaided eye on 
the surface of the longitudinal cuts. These are more prominent on 
the tangential than on the radial surface. The height of the markings 
is fairly constant, and averages 0.38 mm. RECORD (13) has called at- 
tention to the presence of “ripple marks” in several other species of 
the Tiliaceae. 
MINUTE ANATOMY 

VessELs.—The vessels as they appear in a transverse section are 
irregularly distributed throughout the wood (fig. 1). They are more 
numerous in the lignified than in the unlignified areas. They are 
mostly round or oval in outline; some of them, however, as a 
result of crowding in groups, appear to be subdivided radially. 
The average obtained from fifty measurements of the tangen- 
tial diameters of the pores was 150 w, while of the radial diameter, 
the average of a like number of measurements gave 186 wu. The 
thickness of the walls varies from 6 to 11 yw, but the average is about 
8 uw. The vessels lack tyloses, but a great many of their lumina are 
partially clogged with mucilage. This occurs in large masses which 
take a dense haematoxylin stain. The length of the vessel segments 
varies considerably, fifty measurements giving a maximum of 760 
mm., a minimum of 350 mm., with an average of 462 mm. 

The walls of the vessels contain many bordered pits. These are 
arranged alternately, when the vessel wall is contiguous to water 
conducting elements, so that as a result the whole vessel is covered 
with diagonal rows of these pits. This alternation of pits is accom- 
panied by crowding to such an extent that the pits, because of their 
mutual contact, become hexagonal. Bordered pits, in vessels that ad- 
join medullary ray cells, occur in isolated groups that are banded into 
vertical and horizontal rows. These groups usually contain nine pits 
in three rows. The pits on vessels that lie adjacent to water con- 
ducting elements are bordered on both sides of the middle lamella, 
but where the vessel is in contact with medullary ray cells, or wood 
parenchyma cells having simple pits, the pits in common with the 
two elements are half-bordered. The diameter of the pits in the ves- 
sel wall averages 10 uw. The mouth of the pit is elliptical and is 6 u 
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wide. Occasionally, where the vessel joins with ray cells, there is a 
tendency for the pits to lose their borders. These pits sometimes be- 
come greatly elongated, and often anastomose, giving the vessel wall 
a scalariform appearance. SOLEREDER (18) found in the related 
genera Echinocar pus, Elaeocar pus, and Sloanea that the pits become 
simple and elongate in a similar manner. The cross walls of the ves- 
sel segments vary from transverse to strongly oblique. The terminal 
apertures of the vessels are always of the porous type. 

Woop FIBERS.—-In transverse section the lignified wood fibers 
appear in wavy bands more or less concentric with the rings of 
growth (fig. 1). Several of these bands may occur within the limits 
of a single growth ring. Within these zones the fibers are arranged in 
uniform radial rows. Alternating with these lignified zones are simi- 
lar bands of unlignified fibers, giving the whole a decidedly laminated 
appearance. The lignified areas make up approximately 60 per cent 
of the wood, while the remaining 4o per cent is composed of the pa- 
renchymatous areas. The wood fibers vary in length from 0.6 to 1.4 
mm., their average length being 0.97 mm. The width of the medium 
portion is 32 w and the thickness of the wall 7 u. The width of the 
lumina varies from 12 to 38 w, with an average of 25 wu. 

In a longitudinal section the typical characters of the fibers show 
to advantage. They appear as slender, elongate elements, spindle- 
shaped and sharp pointed. They run parallel to one another and 
exhibit very little, if any, interweaving. They are arranged in a 
distinct storied fashion. 

The study of macerated material often shows the wood fibers 
with sawlike edges, due to the fact that these fibers are developed ad- 
jacent to the medullary rays, the cells of which have left their im- 
print on the fibers (fig. 18). A few fibers were found with forked 
ends; others were decidedly flattened. 

In the walls of the fibers the pits are slitlike and extremely elon- 
gated (figs. 18, 26). They extend beyond the oval outline of the pit 
membrane, which is exceedingly narrow. In some fibers the out- 
lines of the pit membranes do not coincide, but appear at right 
angles to one another, giving rise to a cross-sword appearance. The 
pits usually appear to be scattered, without any apparent regularity. 
Sometimes, however, they appear in isolated groups or even in longi- 
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tudinal rows. Recorp and others have called attention to the fact 
that these localized pit areas, upon the fibers, in some woods tend to 
make the ripple marks more distinct. The pits usually appear at an 
oblique angle to the long axis of the fiber (fig. 18). 

MEDULLARY RAY. —The medullary rays are very pronounced and 
of two types, uniseriate and multiseriate, the latter being outnum- 
bered by the former approximately two to one (fig. 2). The multi- 
seriate rays are often six or seven rows of cells wide tangentially. In 
a transverse section the rays are seen to run continuously through 
the lignified and unlignified bands, and appear to widen tangentially 
within the lignified zone (tig. 1). In some areas near the pith, the 
rays appear to merge into the parenchymatous bands of tissue to 
such an extent that they are very difficult to delineate. 

In tangential section the rays are from a few to many cells high 
(fig. 2). The multiseriate cells are often as high as seventy cells. 
That the rays are heterogeneous is clearly brought out by a study of 
the radial section. In this aspect the rays present a muriform ap- 
pearance, consisting of many rows of cells. Some of these cells have 
their long axes extending in a radial direction, while others have their 
long axes extending vertically. In tangential view, in which the 
cross-section of the medullary ray is shown, these differentiated mar- 
ginal cells are seen to occur as an outside layer of cells, practically in- 
vesting the more numerous and smaller cells of the medullary ray as 
a sort of sheath. The rays vary in height from 0.15 to 2.65 mm., and 
in width from 0.02 to 0.09 mm. at the widest point. The individual 
cells of the ray, as measured in transverse section, vary in thickness 
from 7 to 21.3 w, and from 48 to 105 w in length, with an average of 
65 uw. In height they vary from 35 to 166 uw, with an average of 50 yp. 

All the cells of the medullary ray contain numerous simple pits 
where they join similar parenchymatous cells. Where they join con- 
ducting elements such as fibers and tracheids, the pits are half- 
bordered, being simple on the wall of the ray cell, but bordered on 
the wall of the conducting elements. The cells of the ray contain 
numerous large starch grains 8-10 w in diameter. These have promi- 
nent hila. Mucilage is frequently present in the cells of the ray in 
small irregular masses. 

Woop PARENCHYMA.—In transverse section the wood parenchy- 
ma elements appear diffused throughout the growth rings, but are 
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most numerous around the vessels. In a longitudinal aspect, the 
wood parenchyma strands appear much like septate wood fibers, 
differing from these by their thinner walls and numerous, simple pits 
(fig. 32). The strands usually consist of four cells arranged end to 
end in vertical rows. The septations are transverse and the individ- 
ual cells are prismatic, except the end ones, which are pointed. They 
measure 16-55 w in width and 40-196 yp in height. 

The number of pits in these clements varies. Where they are ad- 
jacent to medullary ray cells or vessels, the pits are more numerous 
than when they lie adjacent to fibers or to other wood parenchyma 
cells. The wood parenchyma elements are usually in seriation with 
the vessel segments. 

Crystals of the rhombohedral type are common (fig. 29). These 
occur in chambered parenchyma strands, four to six to the strand. 
They measure about 20 X 25 uw. They are not found in material that 
has been treated with hydrofluoric acid. 

FIBER TRACHEIDS.— Fiber tracheids are occasionally found in 
this wood (fig. 31). When present they usually are found adjoining 
the vessels. In transverse section they resemble small vessels. They 
are much thicker and shorter than the wood fibers, measuring about 
55475 uw. The walls are thinner than the wall of either the wood 
fibers or vessels, and are supplied with prominent bordered pits, not 
unlike those found in the walls of the vessel. These elements taper 
to a gently rounded point at the ends. 

GROWTH RINGS. —The growth rings are irregular in occurrence, 
and do not correspond to annual periods of growth. They are in all 
probability due to a seasonal variation in climate causing a periodic 
growth in thickness of the stem. The rings exhibit considerable vari- 
ation in width, and are demarcated by a band consisting of four to 
six rows of parenchymatous cells. These are continuous through the 
lignified and unlignified parenchymatous zones, and are to be dis- 
tinguished from the other parenchymatous elements by a gradual re- 
duction in their radial diameter. 

Pirn.—The pith is nearly round in transverse section, with a 
minutely crenulate outline. It averages 7 mm. in diameter, and is 
made up of isodiametric, polygonal parenchymatous cells whose 
diameter is about 150 uw. The walls of the cells are thin, from 1.8 to 
2 win thickness. The pith crown consists of five to eight rows of cells 
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that are somewhat smaller than the cells toward the center of the 
pith area. The cell walls have a slight secondary thickening, and 
are abundantly pitted with simple pits. No lignified cells are pres- 
ent. The pith is distinctly septate when seasoned; the openings be- 
tween the diaphragms are narrow and extend beyond the inner edge 
of the pith crown. Mucilage cavities are numerous, often forty or 
more appearing in one transverse section. Those of the central re- 
gion are round in transverse section and are arranged in an irregular 
fashion, while those of the pith crown are elliptical in transverse sec- 
tion and are arranged around the pith in the form of a circle. These 
cavities measure about 240 uw in diameter, and in most cases are 
clogged with mucilage. When a portion of the pith was removed and 
placed in water, strands of mucilage exuded until the water became 
thick like syrup. 
Heliocarpus appendiculatus 
LocALITY AND HABIT OF GROWTH 

The structure of the wood of this tree is so similar to that of He- 
liocarpus popayanensis that a detailed description is unnecessary, 
and emphasis will be placed chiefly upon differences. The tree is na- 
tive to Central America and Mexico. It has been collected in Guate- 
mala by JOHN DoNNELL SmirH, in the State of Tabasco, Mexico, by 
LINDEN, and in Talemania, Costa Rica, by Ab. Tonpuz. The wood 
specimen upon which this study is based was collected near San Jose, 
Costa Rica, in the summer of 1918. The plant differs from H. popa- 
yanensis in having leaves that are appendaged at the base. The trees 
have long, straight trunks, 25-30 cm. in diameter. The leaves are 
not unlike those of basswood in outline. The trees grow gregarious- 
ly in the low hot lands as well as in the cooler uplands. The tree is 
called Burio Blanco in Costa Rica, and Macate in Guatemala. The 
former name means white wood, and the latter refers to the fibrous 
nature of the bark. These vernacular names are also applied locally 
to various other plants of the Tiliaceae. 

GROSS ANATOMY 

The wood of this tree, like 7. popayanensis, is a light weight, 
diffuse porous, laminated wood, without pronounced taste or odor. 
The wood near the periphery weighs 15.8 pounds to the cubic foot, 
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when oven-dried at a temperature of 100° C. It hasa specific gravity 
of 0.25. The wood near the pith weighs 9.67 pounds per cubic foot, 
and is much softer and less fibrous in nature than the later formed 
wood. Ripple marks are readily seen on the surface of the longitu- 
dinal cuts, and appear more prominent on the tangential than upon 
the radial surface. ‘These marks occur on the average of twenty-six 
to the centimeter. They are caused by the tierlike rankling of the 
wood parenchyma strands. The wood fibers or cells of the wood 
parenchyma strands are not in seriation. 


MINUTE ANATOMY 


VesseLs.—The microscopic structure of this wood is similar to 
that of H. popayanensis. It has a laminated appearance when viewed 
in transverse section. It exhibits a similar difference in the type of 
wood found in the central part of the axis and that toward the pe- 
riphery. The merging of the medullary rays into the bands of par- 
enchymatous tissue is more noticeable than in H. popayanensis. No 
differences are observed in the size, shape, or markings of the vessels, 
except that an occasional sealariform perforation is found. In one 
case a vessel segment was found with such a perforation at one end 
and a porous perforation at the other (fig. 27). The vessels are fewer 
than in 7. popayanensis. The wood fibers differ only in their greater 
length and slightly greater diameter, as shown by the following aver- 
age measurements: 

Maximum Minimum Average 
BON .4:3:553 50%04% 60 wu 18 uw 37 be 
. 0 i ree 2.43 mm. o.756mm. 1.37 mm. 


No important differences are exhibited in the wood parenchyma 
elements of the two species. The medullary rays fall more clearly 
into the two types, uniseriate and multiseriate, there being few 
transitions between the numerous uniseriate and the high multiseri- 
ate rays. Mucilage is rarely found, and the presence of crystals has 
not been observed. 

The species exhibits no semblance of annual rings of growth, dif- 
fering sharply in this respect from H. popayanensis. Similar obser- 
vations have been made in Ochroma. The Ecuador species of this 
genus show pronounced growth rings, while in the Central Ameri- 
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can species they are lacking. ‘The cause of this phenomenon is prob- 
ably physiological, and no doubt to be associated closely with the 
character of the climate of the two regions. 


COMPARISON OF OUTER AND INNER WOOD IN HELIOCARPUS 


The wood of most trees of temperate regions can be divided into 
two portions, heart wood and sap wood. It is well known that the 
former is usually harder, and in general of a darker color than the 
latter, due to the infiltration of gums, resins, and other substances 
into the walls of the cells of that region. It is equally well known 
that sap wood, in such cases, contains the only living elements of the 
wood, and that, generally speaking, it is less valuable commercially 
than the heart wood. 

The study of two species of [eliocar pus has resulted in some di- 
vergences from these generalities. Technically, only discolored parts 
are called heart wood, and in this respect, in the two species of /Zelio- 
carpus studied, heart wood is lacking. There is, however, consider- 
able difference in the hardness, density, and weight in the wood of 
the two regions, as is evident from the data given. They show that 
the wood nearest the periphery is in all cases harder and heavier 
than that nearer the pith, and that this change is not abrupt. It 
should be stated, however, that no increase in hardness or weight 
occurs until the end of the third season’s growth. 

The problem of accounting for the physiological change under- 
gone, whereby harder, heavier, and denser wood is produced, is diffi- 
cult of solution without direct experimental evidence. It has recently 
been pointed out by Kraus and KRAYBILL (7), however, that a rela- 
tive decrease of nitrates in proportion to the carbohydrates makes 
for fruitfulness, fertility, and lessened vegetation. These plants pro- 
duce flower and fruit about the fourth year, and subsequently their 
growth is greatly retarded. Histological examinations show that the 
transition from the softer and lighter to the heavier and harder wood 
begins to take place about the time the tree flowers and fruits. This 
suggests that the greater density and degree of lignification of the 
wood might be due to an upset in the carbohydrate nitrogen rela- 
tions undergone in the plant at the time of fruiting. 

Although finding it difficult to determine any definite proportion 
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of the lignified and unlignified areas, in general, it can be said that 
the former become larger and compose more of the bulk of the tissue 
toward the periphery, while the latter correspondingly increase near- 
er the pith. These parenchymatous bands are sometimes 2 mm. thick 
tangentially in this region. They are composed of pithlike, short 
cylindrical cells, with their long axes extending vertically; while, 
as has just been shown, the similar areas in the wood near the periph- 
ery are composed of unlignified wood fibers. These conditions in the 
fundamental composition of the two regions account for the more 
fibrous nature of the wood toward the periphery, and for the absence 
of “ripple marks” in the wood nearer the pith. Infiltration of gums, 
mucilage, or other substances into the cell walls has not occurred, 
but in the region near the pith the lumina of the vessels often con- 
tain these substances. True wood parenchyma elements are far more 
numerous in the region near the periphery, and become fewer and 
fewer until they disappear entirely near the pith. Numerous meas- 
urements were made to ascertain whether the walls of the elements 
of the two regions showed any differences in thickness, but no notice- 
able differences were found to occur. 


Apeiba aspera 
LOCALITY AND HABIT OF GROWTH 

The wood sample of A petba aspera was taken by Dr. H. E. Stork 
in Costa Rica during the summer of 1920. A specimen of the plant 
bearing fruit and leaves was also taken. The plant belongs to the 
tribe Apeibeae of the Tiliaceae, and is therefore closely related to 
Ieliocar pus. Vhe genus A peiba consists of six arboreous and shrubby 
species endemic in the hot countries of America. The members of 
this genus are characterized by the possession of discoid spiny fruit, 
6 8 cm. in diameter. The species is widely scattered, having been 
collected not only in Costa Rica, but upon the Atlantic and Pacific 
sides of South America as well. It is found more abundantly in Costa 
Rica in the llanos and hills of the Atlantic side (g). It is a large sym- 
metrical tree with a long cylindrical crown, gently rounded at the 
top. It attains a height of 40 m. and a diameter of 0.7 m. The na- 
tives call it Peine de Mico in Costa Rica. It is also known as Burio, 
but, as has been pointed out, this term is applied indiscriminately to 
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several species of the Tiliaceae, as well as to some few species belong- 
ing to other families. 
GROSS ANATOMY 

The wood of this tree is a diffuse porous, laminated, light weight 
wood (fig. 3). It is somewhat finer in texture than the wood of //elio- 
carpus, and similar to the latter in having no sharp line of demarca- 
tion between the wood of the central part of the axis and that to- 
ward the circumference. The wood near the pith is much softer, 
lighter, and more extremely laminated than that toward the periph- 
ery. There is a greater difference between the two regions than noted 
in Heliocar pus. The wood near the periphery, when oven-dried at a 
temperature of 100° C., weighs 19.5 pounds to the cubic foot, and 
has a specific gravity of 0.31; while that near the pith runs as low as 
10.13 pounds to the cubic foot and has a specilic gravity of 0.16. It 
is evident from this that the weight of any given block of wood will 
vary considerably, depending upon the proportion of wood from the 
two regions which it contains. 

The wood is light brown, odorless, and tasteless. ‘Ripple marks” 
are numerous on both the radial and tangential surfaces, and can be 
seen easily with the unaided eye. These ripple marks are more nu- 
merous on the tangential than upon the radial surfaces. As noted in 
ITeliocar pus, these ripple marks are due to the tierlike ranking of the 
wood parenchyma strands, and appear to be a constant feature at- 
tending all investigated woods of the ‘Tiliaceae. Growth rings are 
visible to the unaided eye, and are extremely variable in width. The 
medullary rays do not continue across the parenchymatous zones 
in the region near the pith, but lose their identity completely as they 
merge into the parenchymatous tissue of this region. They reap- 
pear, however, when the next zone of lignified tissue is reached, and 
run through this uninterrupted. 


MINUTE ANATOMY 
Vessets._-In a transverse section, as in fig. 3, the vessels are seen 
to be evenly distributed throughout the wood. ‘These are usually 
scattered singly, or in radial rows consisting of three or four vessels. 
The average radial diameter is 250 uw, while the average tangential 
diameter is 175 wu. The length of vessel segments, as obtained from 
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measurements of numerous isolated elements, is maximum 0.843 
mm., minimum 0.320 mm., with an average of 0.510 mm. 

The pores are oval in outline, or in cases where two or more ves- 
sels join, the contiguous tangential walls are flattened in a radial di- 
rection (fig. 3). The walls of the vessels are 8-12 yw thick, strongly 
lignitied, and are marked by numerous bordered pits (fig. 22). These 
pits average 32 mw in diameter, and their arrangement and shape are 
not different from those noted in the vessels of /eliocarpus. The 
cross walls of the vessels are mostly transverse, but an occasional 
oblique one is found. The terminal apertures are porous and the an- 
nular ridges are extremely narrow (fig. 4). Mucilage is present in 
small globules in some of the vessels. 

Woop Fibers. “The wood fibers are usually longer than those of 
Heliocar pus. Vhey vary in length from 0.6 to 1.9 mm., and average 
1.23mm. Their average width, at the widest point, is 35 wu. The 
ends of the tibers are often forked, and sometimes the margin of the 
fiber toward the end presents a sawlike appearance, due to the pres- 
sure exerted by the adjoining medullary ray cells. The longitudinal 
course of the fibers is greatly distorted, due to the pressure of very 
“fat” medullary rays (fig. 4). Within the lignified areas the fibers 
are lignified in various degrees, grading from unlignified fibers 
to strongly lignified fibers. The thickness of the cell walls of the 
fibers varies between 5 and 8 yw, the average being about 6.5 wu. Nu- 
merous bordered pits are present. These are slitlike and are elon- 
gated horizontally (figs. 17, 19). Usually their long axis lies obliquely 
to that of the fiber. The border is very much reduced and the pits 
frequently simulate simple pits. A great many septate wood fibers 
are present. Ordinarily there is not more than one septum to the 
fiber, but occasionally two or more are present. These measure 2 
in thickness and stain densely with haematoxylin. 

MEDULLARY RAYS. ~The enormous medullary rays in this wood 
are perhaps its most striking character, and are shown to best ad- 
vantage in a tangential section (fig. 4). In this aspect they are seen 
to be, in most cases, seven or eight cells wide tangentially. Occasion- 
ally a uniseriate ray is found, but these are not numerous. The aver- 
age height of the rays is 0.83 mm., but rays as high as 2.0 mm. are 
occasionally found. The cross-section of the ray cells (tangential 
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section of wood) shows them to be practically alike in size and shape. 
They are 30 w in width and are practically circular in outline. The 
cell walls are about 7 w thick, and contain numerous circular, simple 
pits. A radial section of the wood shows to advantage the hetero- 
geneous structure of the ray. The marginal cells have their greatest 
diameter vertically. In some rays the majority of the cells compos- 
ing the ray appear to be similar, while in other rays there is a gradual 
transition between the type of cells of the marginal row, to procum- 
bent cells within the body of the ray. No difference exists as regards 
the walls, pitting, or contents of the ray cells of the margin and those 
within the ray, and therefore these cannot be regarded as true mar- 
ginal ray cells such as are found in Vyssa, Aesculus, and Salix. As 
ascertained from radial sections, the upright ray cells average 0.066 
mm. radially and 0.058 mm. vertically. The procumbent ray cells 
average 0.087 mm. radially and 0.041 mm. vertically. The ray cells 
contain numerous hexagonal crystals and tannin granules. The crys- 
tals average 24 uw in height and are 17.5 w wide. The cells contain 
large nuclei and are rich in other protoplasmic contents. 

Woop PARENCHYMA.—The wood parenchyma is diffuse and is 
found abundantly throughout the stem. Its strands are 0.3-0.5 mm. 
in length, and consist of four perpendicular cells, although occasion- 
ally a strand consists of six or seven cells (fig. 16). ‘The strands are 
not in seriation with the vessel segment or wood tibers, neither are 
the individual cells of adjoining fibers in seriation. The average 
width of a wood parenchyma cell, tangential diameter, is 22.5 u. 
The wall is 3.5 w thick and abundantly pitted with simple pits. The 
height of the individual cells of the strand averages 76 uw. ‘The cells 
retain their protoplasmic contents indefinitely. No crystals are pres- 
ent. The walls of the wood parenchyma cells are sometimes slightly 
lignified, and are easily confused with the septate wood fibers. 

GROWTH RINGS.—The rings of growth in this species are much 
more distinct than in Heliocarpus, but evidently do not represent 
true annual increments of growth. They are delimited by a single 
row of wood parenchyma strands, and are very variable in their cir- 
cumference. They are considerably wider in the central part of the 
axis, and become gradually narrower toward the periphery. 
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Bark.—The bark of a small trunk 1o cm. in diameter measures 
7 mm. in thickness. It is very tough and fibrous, and is much harder 
and heavier than the wood. The color is cinnamon brown, and it 
is covered with small wartlike projections. A transverse section 
shows it to be filled with large irregular cavities, containing mucilage 
in profuse quantities. These cavities are sometimes 3 mm. or more 
in diameter. 

Pachira barrigon 
LocALItY AND HABIT OF GROWTH 

Pachira (2) is a genus of the Bombacaceae, a family noted for the 
great quantity of light weight wood which it produces. To this fami- 
ly belongs Ochroma, which has nine species, all of which produce the 
light weight wood known commercially as Balsa. Pachira includes 
about forty species, all endemic to tropical America. P. barrigon is 
the largest species of the genus, the trees often reaching a meter or 
more in diameter. They grow gregariously in Panama and Costa 
Rica, and are known as the “big bellied”’ trees, due to the peculiar 
enlargement of the trunks a few feet above the ground. The plants 
reproduce freely from cuttings, and are used locally in producing 
fences and hedges. The wood is used extensively for forms in con- 
crete construction work. 

GROSS ANATOMY 

This wood is one of the most important of the tropical light 
weight woods, and resembles “balsa” more closely than the other 
woods discussed. It is homogeneous, and is composed approximately 
of go per cent parenchyma. It is diffuse porous. The pores are rela- 
tively larger and fewer in number than in the other woods studied. 
The wood is tasteless and odorless, and weighs 10 pounds to the 
cubic foot when oven-dried. It has a specific gravity of 0.16. “Rip- 
ple marks” are visible on the tangential and radial surfaces. These 
are due to the arrangement of the wood parenchyma strands in ra- 
dial and tangential seriation, and to a similar arrangement of the 
cells that compose the strands. These marks are very much smaller 
and more numerous than those found in the other woods discussed 
in this paper. There are, on the average, seventy of these ripple 
marks to the centimeter. 
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MINUTE ANATOMY 

VESSELS.—The vessels as exhibited in a transverse section are 
oval in outline, with their long axis extending in a radial direction 
(fig. 5). The average width of the vessels in tangential diameter is 
249 m, and their average width in the radial diameter is 355 u. The 
walls vary in thickness in different vessels, but average 7.2 wu. Ty- 
loses and mucilage are lacking in the vessels. The variation exhibit- 
ed in the length of the vessel segments is maximum 0.498 mm., mini- 
mum 0.192 mm., with an average of 0.328 mm. 

The pitting in the walls is like that described for Heliocar pus 
popayanensis, except that the closing membrane becomes greatly 
elongated horizontally, and is very narrow vertically. The pits are 
so crowded that a hexagonal outline to the border is the rule. The 
diameters of these pit borders average 10 wu, while the size of the pit 
mouth is 3.5 X6.5 uw. The cross walls of the vessel segments are gen- 
erally transverse, but occasionally one is found that is slightly 
oblique. The terminal apertures are always porous, and have pro- 
nounced annular ridges. 

Woop Fipers.—The fibers are arranged irregularly within the 
parenchymatous tissue (fig. 5). They are variable, often extremely 
long, ranging in length between 0.664 and 2.59 mm., with an average 
of 1.23 mm. The average width of the fibers at the point of their 
greatest diameter is 35 wu, while the thickness of the wall is 7 u (figs. 
24, 25). The pits are reduced bordered pits with elliptical mouths. 
In some fibers they are greatly reduced in number. The border aver- 
ages 7 win diameter. In macerated material some of the fibers are 
seen to possess serrated edges and forked ends. The latter are usually 
needle-like, but are often flattened and bent. The margins of the 
fibers in many cases are permanently indented, due to the turgidity 
of the adjoining parenchymatous cells (figs. 24, 25). The indenta- 
tions are always opposite, because of the seriation, and correspond in 
their vertical extent to the height of these parenchymatous cells. 
Septate fibers are frequent in this wood. There is usually but one 
septum within these fibers, but occasionally there are two or more. 
These are 1.5 w in thickness, and have a different chemical nature 
from the walls of the fiber, as exhibited by their greater affinity for 
haematoxylin stain. 
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Woob PARENCHYMA.—_-Wood parenchyma makes up the bulk of 
the wood. As has been pointed out, the wood fibers are irregularly in- 
terspersed within this parenchymatous tissue. The wood parenchy- 
ma strands are about 0.5 mm. in length, and typically consist of four 
cells. These cells average 45 » wide tangentially, and give rise, be- 
cause of this, to many intercellular spaces. As is typical of wood 
parenchyma strands, the tip cells taper to a somewhat rounded 
point, which interlocks between the tip cells of the two adjoining 
strands. The numerous simple pits are almost circular in outline, 
and are about 7 uw in diameter. The cell walls are thin, averaging 
about 3.5 uw. No crystals are present, but many of the cells contain 
mucilage, tannin granules, and starch grains. 

MEDULLARY RAY.—The medullary rays are far less prominent 
than in A peiba. Both uniseriate and multiseriate rays are found; the 
former are of very limited occurrence, while rays two or three cells 
wide is the rule (fig. 6). Rays more than four cells wide never occur. 
The cells of the medullary ray differ somewhat in size and shape, 
those toward the margin being somewhat shorter radially and wider 
perpendicularly than those away from the margin. The cell walls 
are 3.5 w thick, and contain numerous simple pits 3-7 uw in diameter. 
In a radial section the cells average 35 uw in height, and vary from 
40-125 winlength. Their third dimension, as ascertained by averag- 
ing the measurements obtained from fifty cells in transverse section, 
is 22 uw. The rays are not in seriation with the wood parenchyma 
strands, but a considerable number end at the same level, as is shown 
in tangential section (fig. 6). In this section the height of the indi- 
vidual rays is easily obtained. Some of these attain the height of 1.6 
mm., but the average height was 0.830 mm. Large starch grains 
8-10 w in diameter occur profusely in the cells. Cells containing tan- 
nin granules are numerous, but crystals are lacking. 

GROWTH RINGS.—The growth rings are unusually prominent 
for a light weight tropical wood, due to the presence of dark brown 
lines. These appear on the face of the summer wood, and clearly de- 
limit the season’s growth. The dark line is due to the greater num- 
ber of lignified fibers in this region. The growth rings average 1.5 
mm. in width near the pith, but toward the periphery they become 
narrower, and are usually less than 0.5 cm. wide. 
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Cavanillesia platanifolia 
LocALITY AND HABIT OF GROWTH 

Cuvanillesia is a genus of the Bombacaceae, being closely related 
to Pachira and Ochroma (17). The genus consists of two species in 
South America, one in the eastern and one in the western part. C. 
platanifolia extends northward into Panama, eastward into Colom- 
bia, and southward into Peru (10). The trees have huge, straight 
trunks, 2-3 m. in diameter, and very small, flat crowns. The few 
branches are usually given off near the top of the tree. They are 
called Quipo in Panama, and Maconda in northwestern Colombia. 
These trees have very light weight wood, which has been proposed 
for commercial use as a substitute for cork, and as an insulating me- 
dium under the name of ‘‘quipo” or “cuipo.”’ The bark of the tree 
appears to be the chief source for mechanical support. ‘This is two or 
three inches thick and is tough and fibrous. Workmen are very wary 
about cutting these trees, on account of their immense weight and 
the difficulty of telling which way they will fall. It is said that if the 
bark be cut entirely around a tree it will fall of its own weight. There 
are no data available as to rate of growth, but the histological ap- 
pearance of the wood indicates that it grows rapidly. The trees are 
deciduous, the leaves being off in the dry season, December to May. 
The wood specimen upon which this study is based was collected 
near Pedro Muguel, Panama, in 1918. 


GROSS ANATOMY 


The wood of this tree is diffuse porous, soft, light, and weak. It 
is light yellow, odorless, and tasteless. When green the wood is much 
heavier than water, but when kiln-dry it is the lightest wood known, 
with a weight of 6.2 pounds per cubic foot and a specific gravity of 
0.10. The wood from the periphery may weigh as much as 11 pounds 
to the cubic foot. The vessels are relatively large and visible to the 
naked eye. They are rather regularly distributed, but become more 
numerous toward the outer limit of the growth rings. The medullary 
rays are visible without a lens, and appear somewhat lighter in color 
than the rest of the wood. They are very large and prominent on the 
radial surface. Growth rings are prominent and are limited by a 
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light colored line. Very fine indistinct “ripple marks” are present 

on the longitudinal surfaces. ‘These are caused by the horizontal seri- 

ation of the parenchyma cells. ‘The medullary rays are not storied, 

but there is a tendency for the vessel segments to appear in seriation. 
MINUTE ANATOMY 

VeEssELs.--In_ transverse section the vessels occur singly or 
grouped into clusters containing two to seven vessels. When single 
the vessel is oval in outline, averaging 200 yu in diameter tangentially, 
and 350 w in diameter radially (fig. 11). The average thickness of the 
wall is 6 w. The wall is heavily lignified and richly supplied with 
bordered pits measuring 11 uw in diameter. ‘The pit mouth measures 
3X10 mp, and has its long axis horizontally. ‘These pits are arranged 
alternately, and usually have a circular border, which, however, of- 
ten becomes hexagonal by mutual compression. Where the vessel 
adjoins the cells of the medullary ray the pits are half-bordered. 
The vessel segments are simple porous with nearly transverse cross 
walls. The annular ridge is not prominent, usually being less than 
6 w wide. Measurements taken of the length of fifty vessel segments 
gave a maximum of 0.750 mm., a minimum of 0.640 mm., with an 
average of 0.675 mm. 

Woop FIBERS.—The wood fibers are very few, and are generally 
isolated in and completely surrounded by parenchymatous tissue 
(fig. 11). They are more lignified, much smaller in diameter, and 
have much thicker walls than the parenchyma cells by which they 
are surrounded. In a transverse section it is very unusual to find 
two or more of these fibers with contiguous walls. The condition of 
the fibers in their relation to the surrounding parenchyma is similar 
to that noted in the wood of Pachira, except that the fibers are many 
times more numerous in the latter wood, as is evident by a compari- 
son of figs. 5 and 11. The outline of the fibers in transverse section 
is hexagonal. Their average diameter is 25 uw, and their average 
length is 0.85 mm. 

The distribution and relative bulk of the fibers in relation to the 
parenchyma tissue are interesting, and in this regard numerous 
counts were made. A transverse section was divided into areas 1o 
mm. square, and counts of the fibers appearing in each square gave 
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minimum o, maximum 28, and average 16. From these data it is 
apparent that the number of fibers is extremely variable in different 
areas of the stem, and that they never make up more than a very 
small proportion of the bulk of the wood. 

Reduced bordered pits are present in the walls of the fibers. 
These are slitlike, 1.5 <6 w in diameter, and their long axis is oblique 
to that of the fiber (fig. 21). Upon the inner walls of the fibers defi- 
nite spiral or scalariform thickenings are present. These do not ex- 
tend the length of the fibers, but occur here and there along its axis. 
The fibers are usually septate, and never appear in the parenchyma- 
tous sheath immediately surrounding the medullary rays. 

Woop PARENCHYMA.—-The wood parenchyma is paratracheal, 
and is composed typically of four cells arranged perpendicularly into 
a strand. These cells are usually flattened radially. Their average 
is 15X45 mw, and their height 60 uw. The cell wall measures 2 uw, and 
the numerous simple pits marking the wall average 3.5 w in diameter. 
Plain parenchyma, similar to the wood parenchyma, but with much 
larger cells, makes up the bulk of the wood. In a transverse section 
these cells are usually hexagonal and have a greater radial than tan- 
gential diameter, measuring 63 X 105 wrespectively. The walls meas- 
ure 1.5 w in thickness, and contain an occasional small simple pit 3.5 
w in diameter. In a longitudinal section these cells resemble pith 
cells. They average 128 w in height (fig. 12). Microchemical tests 
for lignin showed, contrary to expectation, that the walls of these 
cells are slightly lignified throughout. The light weight of the wood 
is to be correlated with the large lumina of these parenchyma cells, 
their thin walls, and their relatively great numbers, together with 
the relatively small number of wood fibers. 

MEDULLARY RAY.—The medullary rays are usually multiseriate, 
but an occasional uniseriate ray occurs. In transverse section they 
are rather regularly distributed, but are variable in width throughout 
their course, appearing multiseriate, then uniseriate, or perhaps dis- 
appearing entirely, only to reappear some distance beyond. On 
either side of the medullary ray is a parenchymatous zone two or 
more cells wide, in which no wood fibers are to be found. In tangen- 
tial section the estate of these cells is more easily seen. They sur- 
round the smaller cells of the ray as a sheath, the outside margin of 
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which is distinctly spindle-shaped, and which is usually bounded by 
the slender wood fibers which weave between the spindle-shaped 
masses (fig. 12). The parenchyma cells of the sheath often pass into 
the ray, making its margin very irregular and often dividing it into 
two or more areas. In a radial view the ray is seen to be heterogene- 
ous, and appears very extensive, making up approximately 50 per 
cent of any given area. 

The ray cells are much smaller than the parenchyma cells of the 
sheath, and have somewhat thicker walls. As ascertained from a tan- 
gential section, the cells average 35 wu in vertical diameter and 22 
in tangential diameter. The simple pits in the walls of the medullary 
ray cells average 5 «in diameter. The ray cells contain starch, while 
the cells of the sheath often contain mucilage in profuse quantities. 

GROWTH RINGS. -The growth rings are prominent, and are lim- 
ited by several rows of parenchymatous cells that are narrower radi- 
ally and generally smaller than the cells of the other portions of the 
ring (fig. 11). 

Wercklea insignis 
LOCALITY AND HABIT OF GROWTH 

Wercklea is a genus of the Malvaceae, recently established by 
PirrireR and STANDLEY (19). It is a member of the subfamily Hibis- 
caceae, and is most closely related to Hibiscus. W. insignis is the 
only species of the genus, and is confined to the northwest slope of 
the Central Cordilleras in Costa Rica, the type locality being the 
pass known as La Palma, between the volcanoes of Irazu and Barba. 
The largest specimens are said to grow on the lower grounds north 
of and below the pass. It has large showy flowers resembling those 
of the hollyhocks. A few specimens have been planted as ornaments 
on the grounds of Dr. JIMENEZ in Santa Jose, Costa Rica. The flow- 
ers are ephemeral, usually fading the day they blossom. For this 
reason the natives call the tree “Flor de dia.” The tree reaches a 
height of 10 m., and has a trunk 30-40 cm. in diameter. Our speci- 
men was collected in the type locality in 1918, and according to the 
collector the tree appears to be a rapid grower, but is not abundant. 
The collector tried repeatedly to germinate the seeds of this plant 
but was unsuccessful. 
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GROSS ANATOMY 


The wood of this tree is a homogeneous light weight wood with 
unusually fine texture. It is ivory colored, odorless, and tasteless. 
When oven-dry it weighs 15 pounds to the cubic foot and has a 
specific gravity of 0.24. The pores are irregularly distributed 
throughout, but appear to be more numerous in some sections of the 
stem than in others. No growth rings are present, and there is no 
differentiation in color between the heart wood and sap wood. The 
latter, however, is somewhat lighter than the former. ‘The medul- 
lary rays are visible to the unaided eye, are rather fine, and some- 
what lighter in color than the rest of the wood. ‘‘Ripple marks”’ are 
visible on the radial surface. There are approximately fourteen of 
these to the centimeter, and the distance between the marks is fairly 
constant. The bark is thick, tough, and fibrous. 


MINUTE ANATOMY 

VeEsSELS.-The vessels are few in number and are distributed ir- 
regularly throughout the wood. In a transverse section of the wood 
the pores appear oval in outline, with their greatest diameter in a 
radial direction. Often four or five of these pores appear aggregated 
into a cluster with no regular arrangement (fig. 7). The walls aver- 
age 4 uw in thickness, and are more strongly lignified than the walls 
of the wood fibers. The numerous bordered pits on the vessels are 
arranged alternately. The borders are generally circular, but often 
become hexagonal by mutual contact. The diameter of the pit bor- 
der is 10-12 w, while the mouth of the pit, which is elliptical, meas- 
ures 73.5 uw. The fusion of these pits in some vessels gives rise to a 
scalariform appearance, and in other vessels the borders disappear 
and give rise to simple pits, extremely variable in size. The vessel 
segments are unusually short, varying in length between 0.3 mm. 
and 0.6 mm. in radial diameter. They average 0.24 mm., and in tan- 
gential diameter 0.144 mm. 

Woop FIBERS.—The fibers in this wood are its most striking 
character (figs. 20, 33). They differ in many respects from the fibers 
of the other woods investigated. The walls are very thin, averaging 
3-5 uw, weakly lignified, and contain numerous reduced bordered pits, 
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which are elliptical and about 4 u in diameter. The fibers are ex- 
tremely short and stubby. Their average width is 60 w and their 
average length is 0.8 mm. It is not unusual to find fibers that are 
0.1 mm. or more in width. They are more or less uniform in width 
throughout their greater length. In most cases they do not have 
long tapering ends, but come more sharply to a rounded point. ‘The 
fibers are not definitely storied, but a tendency toward such a con- 
dition is evidenced in radial view. In transverse section the lumina 
are very irregular in size and shape. The outline of the fiber is usual- 
ly hexagonal (fig. 7). Macerated material often shows fibers with 
serrate margins and forked ends. 

MEDULLARY RAY.——-The medullary rays are very similar to those 
described for /Heliocarpus. Both uniseriate and multiseriate rays 
are present, the former occurring more frequently than the lat- 
ter. The multiseriate rays are never more than 6-seriate. In a tan- 
gential section (fig. 8) they appear to be composed of cells of about 
the same diameter tangentially and vertically. These are circular 
in outline, and when the face wall appears in the section they seem 
to be abundantly supplied with simple pits 1.9 uw in diameter. The 
broad rays may be 2 mm. in height. They are not usually multiseri- 
ate throughout their entire height, however, but trail off into long 
uniseriate ends. Not infrequently these uniseriate portions connect 
the ray with similar multiseriate rays above or below. By a study of 
the radial section the ray is seen to be heterogeneous. The upright 
cells average 52166 wu, while the average of the procumbent cells is 
60112 uw. The average thickness of the cell walls is 4 uw. The cells 
do not contain starch, mucilage, or other contents. 

Woop PARENCHYMA.—The parenchyma is chiefly of the paratra- 
cheal type, but is also quite abundantly diffused throughout the 
wood. Each strand is composed typically of two perpendicular cells, 
which measure approximately 60 uw in diameter and 256 uw in height 
(fig. 30). The wood parenchyma strands are in seriation; this is es- 
pecially noticeable in radial section, where the septations of the 
strands form a broken line across the section in a radial direction. 
This line serves to make the “ripple marks” stand out very promi- 
nently on the radial surface. The cell wall averages 4 uw in thickness, 
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and is richly supplied with simple pits which are approximately 2 
in diameter. No crystals or other contents are found in the wood 
parenchyma cells. 
Cordia heterophylla 
LOCALITY AND HABIT OF GROWTH 

Cordia is a genus of the Boraginaceae, subfamily Cordioideae. 
Its species are common and widely distributed in the tropical regions 
of both the eastern and western hemispheres, more than two hundred 
species having been described for the genus. C. heterophylla was de- 
scribed by ROMER and Scuuttz from material collected in French 
Guiana. The tree from which the wood specimen for this study was 
taken was found in the La Palma Pass, Costa Rica, between the 
volcanoes Barba and Irazu. It was a tree 30 cm. in diameter. It is 
not abundant and probably is not of great economic importance. 
The vernacular name applied to the plant by the natives is Zopilote. 


GROSS ANATOMY 

This is a light weight, laminated, straight grained, diffuse porous 
wood. The wood is odorless, tasteless, and light brown. Growth 
rings are visible, but they are very irregular in width. The medullary 
rays are fine and rather uniform in size and distribution. The pores 
often appear in prominent tangential rows. These are connected by 
tangential bands of wood parenchyma that are clearly visible to the 
unaided eye. There is no apparent differentiation between the wood 
of the central portion of the stem and that toward the periphery in 
color, weight, or density. The wood when oven-dry weighs 17 pounds 
to the cubic foot, and has a specific gravity of 0.27. No “ripple 
marks” are present on either the tangential or radial surfaces. The 
bark is light brown, and is extremely tough and fibrous. It is notice- 
ably much heavier and harder than the wood. 


MINUTE ANATOMY 
VESSELS.—By a study of a transverse section, such as is shown 
in fig. 9, the pores of the vessels are seen to be irregularly distributed, 
but appear to be more numerous within the zone of the last formed 
wood of each growth ring. The vessels appear singly, or more com- 
monly aggregated into groups consisting of 2-8 vessels that are vari- 
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able as to size and shape. In case the vessel appears singly, the trans- 
verse outline is nearly circular. The walls of the vessels average 5 yu 
in thickness, and are abundantly supplied with bordered pits. These 
are arranged alternately, and in most cases have elliptical borders. 
The borders average 4.58 mw in diameter, and surround similar 
elliptical pits 26.7 uw in diameter. The pits have their greatest 
diameter in a horizontal direction. The tendency of the bordered 
pits of the vessels to lose their borders, thereby giving rise to simple 
pits, has not been observed in this wood. The vessel segments are 
always simple porous, and are extremely short in proportion to their 
width. The nearly transverse cross walls have almost disappeared, 
leaving only extremely narrow annular ridges, often less than 7 u 
wide. The results obtained from the measurements of fifty vessel 
segments were as follows: 


Maximum Minimum Average 
DONI ocicr keweceeues 365 w 100 u 276 me 
UTNE 5 Sdn a oved er 330 pb 100 p 224 bu 


Woop FIBERS.—A transverse section shows the lignified wood 
fibers in isolated groups usually surrounded by parenchymatous 
tissue (fig. 9). These groups are more or less rectangular in outline, 
and have a fairly definite arrangement in bands, both in a tangential 
and a radial direction. This is due to the blocking out of these groups 
by the crossing, at right angles, of the broad medullary rays with the 
prominent tangential bands of wood parenchyma. A detailed exami- 
nation of any one group of wood fibers, in transverse section, shows 
that the lumina of the fibers vary from extremely large to very mi- 
nute ones. This is due to the fact that the fibers are not storied, so 
that a transverse section not only cuts the enlarged portion of some 
fibers, but the tapering smaller ends of many fibers also. These small 
openings shown among the lumina simulate intercellular spaces, but 
are readily distinguished from the latter by the fact that their walls 
are secondarily thickened. The fibers vary considerably in the de- 
gree of lignification of their walls, some appearing extremely lignified 
and others less so. The fibers vary from circular to hexagonal in out- 
line. In general they are circular near the enlarged middle portion, 
but become hexagonal along the tapering ends (figs. 23, 24). The 
bordered pits are not numerous. They often appear in isolated 
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groups, usually near the widest part of the fiber. They measure 2.4 u 
in diameter, their long axes being slightly oblique to the long axis of 
the fiber. The average results obtained from the measurements of 
fifty wood fibers were as follows: width of fiber at point of greatest 
diameter 43.3 4; length of fiber 913 w; thickness of cell wall 5 p. 

MEDULLARY RAyY.—The medullary rays are in most cases 3, 4, 
or 5-seriate. Uniseriate rays are occasionally found. In tangential 
section the rays are distinctly spindle-shaped, with bluntly tapering 
ends. The individual cells of the ray in this section are hexagonal in 
outline (fig. 10). The cell walls average 5 u in thickness, and contain 
numerous simple pits 1.5 w in diameter. The rays are often 2 mm. 
or more in height, but average 1.12 mm. ‘The average diameter of 
the cells of the medullary ray in tangential section is 25 w. In trans- 
verse section the rays appear to be similar to those observed in the 
other light weight woods, and are heterogeneous in nature. The ver- 
tically elongated cells average 5558 w and the procumbent cells 
average 34 X115 wu. In transverse section the cells of the medullary 
ray are often wider tangentially than radially. This unusual con- 
dition has been reported previously by SOLEREDER (18) in the woods 
of Durio, Boschira, and Neesia. Many small globules of mucilage oc- 
cur in the cells of the medullary rays. 

Woop PARENCHYMA.—-Wood parenchyma occurs abundantly, 
forming broad zones around, and tangential bands between, the 
vessels. These bands, composed largely of wood parenchyma alter- 
nating with the zones of lignified wood fibers, give the wood its char- 
acteristic laminated appearance. ‘The wood parenchyma strands are 
usually hexagonal in transverse section, but are often flattened in a 
radial direction. They average 25 u in diameter. In longitudinal 
section the wood parenchyma strands appear to be made up of two 
perpendicularly placed cells with gently tapering ends (fig. 28). 
These cells average 0.2 mm. in length. Their walls are 3.5 uw thick 
and contain numerous circular simple pits 2 uw in diameter. The cells 
contain many small globules of mucilage. The strands of individual 
cells of the strands are never in seriation. 


General observations 


Of the woods studied, Pachira barrigon more closely resembles 
balsa. Its fibers are lignified to a greater degree than [eliocar pus, 








1925] HY DE—LIGHT WEIGHT WOODS 407 


A peiba, Ochroma, or any of the other tropical light weight woods 
which the writer has examined. This, together with the fact that the 
fibers are extremely long, and are often interlocked, would account 
for the seemingly greater strength and rigidity of form than exhibit- 
ed by many of these other woods. This would tend to make it a more 
desirable wood than Ochroma for commercial purposes, where 
strength plus lightness is desired. It consists of approximately go 
per cent parenchymatous tissue, with extremely thin walls and large 
lumina, factors that have made balsa famous for its light weight, and 
at the same time have made it excellent material for insulating and 
buoyant products. 

The anatomical composition of this wood indicates that it is 
equal to balsa in these respects, and, in addition, that weight for 
weight it is a much stronger wood. The importance of this can be 
realized better when it is known that for many purposes it is neces- 
sary to veneer balsa with a heavier wood to increase its strength, and 
to treat it with various chemicals to ward off attacks of microorgan- 
isms. The writer believes that in the wood of Pachira the desired 
weight can be obtained, together with a stronger and more enduring 
wood. These factors, when considered with the facts that this wood 
is available in large quantities, that the tree is a rapid grower, and 
that the species reproduces freely from cuttings, indicate that this 
tree should become of great commercial importance as the demand 
for light weight timber increases. 


Summary and conclusions 

1. ‘The commercial importance of light weight woods was dem- 
onstrated during the recent war. The economic use of these woods 
is increasing, as their value for insulating refrigerator cars, cold stor- 
age plants, and iceboxes becomes recognized. 

2. Trees producing light weight wood appear to be confined to 
certain geographical areas. These areas in general are the continu- 
ously hot and humid regions of Central and South America. The 
trees appear in greater numbers and obtain their best growth in 
Costa Rica and Panama. 

3. Taxonomically the majority of trees producing light weight 
wood are closely related, in nearly all cases belonging to the Tilia- 
ceae, Malvaceae, and Bombacaceae of the order Malvales. 
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4. The woods of seven species of light weight timber producing 
trees are treated histologically. These species are Heliocarpus po- 
payanensis, Heliocarpus appendiculatus, and A petba aspera of the 
Tiliaceae; Wercklea insignis of the Malvaceae; Pachira barrigon and 
Cavanillesia platanifolia of the Bombacaceae; and Cordia hetero- 
phylla of the Boraginaceae. 

5. Two distinct types of wood are found among the tropical light 
weight woods, namely, laminated and homogeneous. Of the woods 
discussed, the former type is represented by HH. popayanensis, H. 
appendiculatus, A. aspera, and C, heterophylla; while the latter type 
is represented by P. barrigon, W. insignis, and C. platanifolia. 

6. Histological evidence indicates that the homogeneous type 
of wood is better adapted for insulation products than the laminated 
type. 

7. The wood of Ochroma has been the principal wood used for 
these products during the past few years. The histological examina- 
tion of the wood of Pachira barrigon supports the conclusion that 
this would make an excellent substitute. The tree grows rapidly, at- 
tains an immense size, and reproduces freely from cuttings. 

8. The woods of Heliocarpus popayanensis and A peiba aspera, 
because of their greater specific gravity, fibrous nature, and lami- 
nated structure, are less valuable for buoyant materials than Ochro- 
ma or Pachira, and could not be obtained in such quantities. 

9g. Cavanillesia platanifolia produces wood known as “‘Quipo.” 
This is the lightest wood known and will no doubt become of great 
economic importance as the demand for light weight wood increases. 
Trees 2m. or more in diameter are available in almost unlimited 
quantities. 

1c. In the laminated light weight woods investigated, there is a 
decided tendency for the medullary rays to merge imperceptibly 
into the areas of parenchymatous tissue, but they regain their iden- 
tity when the next lignified zone is reached and pass through this 
uninterrupted. 

11. Wercklea insignis and Cordia heterophylla produce light 
weight wood of excellent quality, that have a specific gravity low 
enough to make them suitable for buoyant products. The trees, al- 
though not abundant, grow rapidly, and could be produced in a com- 
paratively short time. 
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12. A distinct difference between the wood produced near the 
pith and that nearer the periphery is noted in all species investigated: 
the latter being harder, heavier, and generally more fibrous than the 
former. 

13. The walls of the individual elements do not vary in thickness 
in different regions of the stem; but the thicker walled lignified wood 
fibers become relatively more abundant toward the circumference, 
while the number of thinner walled parenchymatous elements cor- 
respondingly increases toward the pith. 

14. A correlation between the upset in the carbohydrate-nitrogen 
relation at the time of fruiting and the differences in density and 
weight of the wood produced in different areas of the stem is sug- 
gested. 

15. Light weight woods are fundamentally very similar to heavi- 
er dicotyledonous woods. They differ from the latter principally 
in being composed of thinner walled elements with proportionally 
larger lumina, a characteristic which accounts for their light weight 
and low specific gravity. 

16. The following characteristics appear to be common to all 
species producing light weight wood: (1) they are plants with very 
large leaves that are soft in texture; (2) the bark is thick, strong, and 
fibrous; (3) the wood is white or very light in color. 


Grateful acknowledgment for assistance and suggestions is made 
to Professor W. W. Row Ler, under whose immediate direction the 
work was performed, and to Professors D. Reppick, H. D. REED, 
and S. N. SprinG, for help and criticism in the preparation of the 
manuscript. 
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EXPLANATION OF PLATES XXVI-XXVIII 

All photomicrographs show magnification of 50 diameters. 
PLATE XXVI 

lic. 1.—Transverse section of wood of Heliocarpus popayanensis. 
Fic. 2.—Tangential section of same. 
Fic. 3.—Transverse section of wood of A peiba aspera. 
Fic. 4.—Tangential section of same. 
Fic. 5.—Transverse section of wood of Pachira barrigon. 
Fic. 6.—Tangential section of same. 


PLATE XXVII 
Fic. 7.—Transverse section of wood of Wercklea insignis. 
Fic. 8.—Tangential section of same. 
Fic. 9.—Transverse section of wood of Cordia heterophylla. 
Fic. 10.—Tangential section of same. 
Fic. 11.—Transverse section of wood of Cavanillesia platanifolia. 
Fic. 12.—Tangential section of same. 
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PLATE XXVIII 

All outline drawings represent a magnification of roo diameters. 

Fics. 13, 14.—Isolated wood fibers from wood of Heliocar pus ap pendiculatus. 

Fic. 15.—Radial section of medullary ray of H. appendiculatus. 

Fics. 17, 19.—Isolated wood fibers from wood of A peiba aspera. 

Fics. 18, 26.—Isolated wood fibers from wood of H. popayanensis. 

Fic. 27.—Isolated vessel segment from wood of I. appendiculatus, showing 
both scalariform and porous perforations. 

Fic. 29.—Portion of wood parenchyma strand, from wood of HH. popaya- 
nensis, Showing crystals. 

Fic. 31.—Isolated fiber tracheid from wood of H. popayanensis. 

F'1G. 32.—Isolated wood parenchyma strand from wood of H. popayanensis. 

Fics. 20, 33.—Isolated wood fibers from wood of Wercklea insignis. 

F1G. 30.— Isolated wood parenchyma strand from wood of IV’. insignis. 

Fics. 24, 25.—Isolated wood fibers from wood of Pachira barrigon. 

Fic. 35.—Radial section of medullary ray of P. barrigon. 

Fics. 23, 34.—Isolated wood fibers from wood of Cordia heterophylla. 

Fic. 28.—Isolated wood parenchyma strand from wood of C. heterophylla. 

Fic. 21.—Isolated wood fibers from wood of Cavanillesia platanifolia. 

lic. 22.—Isolated vessel segment from wood of A peiba aspera. 

l'ic. 16.—Isolated wood parenchyma strand from wood of A. aspera. 








VARIATION IN SIZE AND FORM 
OF PYRUS SEROTINA 
A. KIKUCHI 
(WITH ONE FIGURE) 

In connection with fertilizer experiments, the writer studied the 
effect of applications of different combinations of elements upon 
variations in the form of the fruits of the Chojuro variety of Japanese 
pear, Pyrus serotina Rehder. The effect of the growing season upon 
the size and form of the pears was also studied. 

The fertilizer experiments under the plans shown in table I were 
started in 1909, at the Kanagawa Agricultural Experiment Station 











TABLE I 
Name given to plot Element — of 

LAs ae eae | Nitrogen, phosphorus, and potash 6 
Bey cise Nitrogen and phosphorus 6 
PRS ccc stan e ge oes Nitrogen and potash 6 
PE... Phosphorus and potash 6 
ERR ene pre Nitrogen alone 6 
Bs eee Phosphorus alone 6 
Bases Potash alone 6 
nf. No fertilizer (check) 











2 
3 





near Yokohama. The writer took charge of the work in 1916. For 
three years previous to 1917 only the annual yield of three trees 
in each plot was recorded. 

The experimental plots contained eight rows and forty-five 
trees. The trees in each plot and the rows of trees of adjacent 
plots were twelve feet apart. For three years previous to 1913, 
farm yard manure, soya bean cakes, wood ashes, sulphate of am- 
monia, superphosphate of lime, and sulphate of potash were applied 
to help the normal growth of the trees in all plots except the check. 
The quantities of fertilizer elements per acre given to the trees 
during these years are shown in table IL. 
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Since 1913, commercial fertilizers alone were applied to the plots, 
and the trees in each plot were given either a single element or a com- 
bination, corresponding to the experimental plan shown in table I. 
Nitrogen in the form of sulphate of ammonia, phosphoric acid as 
phosphate of lime, and potash as sulphate of potash were applied. 
The annual rates of application per acre during the years 1913 to 
1920 inclusive are given in table IIT. 

The figures in tables IT and HI are computed in English measure, 
and therefore for the most part are fractional. The reason for this is 
that the Japanese unit was used for weight and area of land, and was 


TABLE II 


QUANTITY (IN POUNDS) OF FERTILIZERS RECEIVED BY PLOTS PREVIOUS TO 1913 


1910 | IQIr 














=) Igt2 
Plot © | os a 7 | oi Roce ; eres 1 . | 

| N | P.O | KO |} N | P.O, | KO _| P.O. | K.0 
NPR. | 67 67 | 67 83 83 | 83 go - ge go 
NP | 67 | 67 | 49 83 Ss | «2 (ere) go 17 
Nk 67 } 17 | -6F 83 | 17 83 go 17 go 
Pk 17 67 | 67 |} 17 | 83 83 | 17 90 90 
N 07 | 17 | 17 83 i an ee go 17 17 
P Bas ; 17 | 67 | 17 17 | 83 17 | 17 go 17 
kK 3 oP Se 67 17 | 17 83 17 17 9° 
ME. ss ‘ rene Muerte wind meet ‘ ? ns 

ae | | 


then recalculated to the English unit. Applications of fertilizers were 
made annually in the early spring, and were well spaded into the 
ground. No cover crops were grown on any of the plots. The trees 
were annually cultivated twice in the dormant period, and three or 
four times in the active period. 

The trees were trained on a horizontal trellis 5 feet 5 inches 
high, the so-called Japanese “tana,”’ which is the most widely used 
system of training in Japanese pear culture (fig. 1). The trees were 
planted so closely that the roots of one tree often penetrated the soil 
of adjacent plots. Previous to 1916 this factor was not considered, 
but in the fall of 1916 the boundaries of each plot except the check 
were fixed by thick planks set into the ground to a depth of 2 feet 
4 inches. Root pruning was given all trees at the same time. The 
boundaries of the check plot were boarded after the leaf-fall of 1917. 
At the same time each plot was trenched along the boundaries, and 
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roots which had grown through the cracks in the planks were cut. 
Subsequently the boundaries have been strictly determined every 
year. 


Effect of fertilizers upon form of fruits 


SHAW (2, 3, 4) reported his study on variation in the form of 
fruits as follows: 

Some trees showed slight individuality in the amount of variability, and 
this may be correlated with size, the larger the apples the more variable. This is 
not true as between the different parts of the tree. As with size, some trees 
showed quite constant individuality in form of fruit, while others were variable. 
There seems to be no strong evidence that individuality in size and form is to be 
found in the tree. The apples from the upper south parts of the tree, which were 
largest, were also constantly the most flattened. 


SHAW also observed a relation between variation in the form of 
fruits and the climatic condition. His statement is as follows: 

There is a pretty constant relationship between the form of the apple and 
the temperature for a period following bloom, the cooler this period the more 
elongated the apple. An effort to delimit this period from the sixth to the six- 


teenth day following full bloom fits the observed fluctuation in form more closely 
than any other. 


Youne (7) makes the following statement: 

Some varieties remain quite constant in shape under different conditions, 
while others are much more plastic in this respect. The most frequent and con- 
spicuous modification of form consists of the elongation of the axis of the fruit 
relative to the horizontal diameter. This is due to a diminished circulation of 
the sap caused by change in temperature, giving rise to an insufficient supply to 
provide for simultaneous development of the fleshy portion and elongation of 
the axis. Two or three weeks after blooming the form of the fruits becomes 
fixed and is not noticeably influenced by the moisture supply thereafter. 

Variation in the form of the Ben Davis apple in Japan was stud- 
ied in 1914. On a single tree the form was distinctly elongated in 
fruit produced on the terminal bud of the long, one-year old shoots, 
as compared with that on the spurs. The long shoots were divided 
into two groups in such a way that one group included those more 
than one foot long, and the other those less than one foot in length. 
The fruit from the former was always more elongated than that from 
the latter. The writer also made observations on the relation of the 
variation in form to the climatic condition in different localities. The 
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summer temperature for three months showed a marked influence 
on the form of the fruit; that is, the higher the temperature the more 
flattened the apple. 

The Chojuro pear was studied to determine whether there were 
more or less definite variations in form due to the apptication of dif- 
ferent combinations of fertilizer elements. As stated, the trees were 


ie ae 


o~-. 


Fic. 1.—Method of training pear trees on horizontal overhead trellis, the so-called 
Japanese “‘tana.” 


trained on horizontal trellises (fig. 1), and nearly all the fruit buds 
were produced on spurs. It therefore appears that there should be 
little or no variation in the form of fruits caused by their being on 
different parts of the tree, or by length of the bearing shoots. The 
Chojuro fruit is apple-shaped, rather round and regular, with a shal- 
low cavity and basin. 

The method employed to determine the form of the fruit was to 
record the largest transverse and longitudinal diameters of each 
individual fruit. ‘These measurements were made with vernier cali- 
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pers reading to a tenth of a millimeter. The “form index” for the 
shape of each pear was obtained by dividing its transverse by its 
‘longitudinal diameter and multiplying the quotient by 1oo. The 
larger the form index the more flattened were the pears, and vice 
versa. The class value of the form index was made in ranges of 3, 
and the series of the class and the frequency of distribution were 
arranged as follows: class ror (g9.5~102.4), 104 (102.5-105.4), 107 
: 5 13 
(105.5-108.4) (frequency of distribution is shown under each class 
value). The average value of the form index was calculated by the 
same method as used in determining the average weight of the fruits. 
The average values for the form index as obtained in 1918, 1919, and 
1920, and the order in rank of the plots are given in table IV. 

The range of variation in the form of the fruit caused by different 
combinations of fertilizer elements is not so wide as the range of 
variation in size. The extreme difference in the average index be- 
tween the plots amounts to a trifle less than two in any one season, 
while between two individual trees in the same plot the difference 
was sometimes above two, although not often. 

There appeared to be some relationship between the size of the 
fruit and its form. To obtain data the fruits from each of three trees 
of the Chojuro variety growing in different parts of the same or- 
chard, and receiving fertilizers, were studied in 1919. The coefficient 
of correlation was calculated to determine the relationship between 
size and form for each of the three trees. The results were as follows: 


ren tien Number of fruits Coefficient of 
observed correlation 
CE a aoe 244 +0.009+0.068 
Be nics ciidiarata lu gear eieie ene 152 +0.033+0.081 
Bio ae Havse dere unrest sied 237 +0.007+0.065 


The coefficient of correlation is positive for each, but so small as 
not to surpass its standard error in any of the three trees. The re- 
sults show that there is no noticeable correlation between the form 
and the size of fruits produced on an individual tree. By comparing 
data pertaining to-the effect of fertilizers upon size of fruits with 
table IV, it was determined that there is no definite relationship 
between the form of the fruit and its absolute size, even when fluctu- 
ation in size is caused by different combinations of fertilizer elements. 











418 BOTANICAL GAZETTE [JUNE 


Table IV shows that the annual variation in the average index 
for each plot is in a constant direction. It suggests that some cli- 
matic condition favoring or opposing the development of fruits may 
cause definite variation in the form of fruits, although this appar- 
ently has no connection with their absolute size. 

Data obtained from a study of the relation between the variation 
in the form of fruits and the climatic conditions prevailing during 
the growing season for each of three years are available. The average 


TABLE V 


AVERAGE MONTHLY TEMPERATURE (°C.) DURING 
GROWING SEASON 

















; oo : 
Year | April | May | June | July | August 
| ee a ae a ee 26.7 26.6 
TOR: . ... | wer6: |} mse | rors 23.5 24.8 
HOQ0ssccsae| TRF | BBL | 20.5 | 28:0: | 25.5 
TABLE VI 
TOTAL MONTHLY PRECIPITATION (MM.) DURING 
GROWING SEASON 
—o — j — 
Year | April | May | June | July | August 
i} 
——| are, See oS Sa 
EOIG...: : | 106.4 for -7 428.7 | 55-0 | 154.9 
TOTO... : 7O.t | 58.4 | 144.2 | 206.4 154.4 
TOO. 6.510 3s | 593.7 | 285.9 | 252.2 | Z4T. 2:4 522.5 
| 





temperature and the total precipitation from April to August are 
shown in tables V and VI. The average temperature for three years 
during each of the three weeks following full bloom is shown in 
table VII. 

The Chojuro pear usually commences to blossom from the first 
to the fifteenth of April, and is harvested in late August or early 
September. The growing season of the fruit, therefore, in that part 
of Japan where the experiments were conducted, is not longer than 
five months. Table VI shows that the average temperature for each 
of the five months was lowest in 1919 and highest in 1918. The 
average value of the form index for each plot, without exception, was 
smallest in 1919 and largest in 1918. The annual difference in aver- 
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age temperature for each month was more noticeable in June, July, 
and August than in April and May. It is reasonable to suppose that 
there is a close correlation between the form of fruits and the average 
temperature during the growing season. No relationship was found 
between the monthly precipitation and the variation in the form 
of fruits. 

Nothing of marked interest is indicated by a comparison of the 
average temperature during the three years for each of the three 
weeks following full bloom. In 1918 blooming continued from April 
12 to 30, and the weekly temperatures were observed from the mid- 
dle of the blooming date, or April 21. In 1919 the trees were in 
flower from April 3 to 15, and the observations were begun on the 


TABLE VII 


AVERAGE TEMPERATURI Ce.) FOR THREE WEEKS 
FOLLOWING FULL BLOOM 


Year | First week | Second week | Third week 
19gtS 13.7 } 14.7 | 15.9 
1Q19 aheil 2.5 | 14.5 | 13.1 
1920 | 11.8 14.4 | 1S. 


ninth. In 1920 the flowering continued from April 15 to 27, and the 
observations were started on April 21. From results presented in 
table VII it appears that there is little or no correlation between the 
form of fruits and the average temperature of the three weeks im- 
mediately following full bloom. 

The time of maturity of the fruits in the different plots and the 
length of the growing season were noted. In 1918 the fruits in each 
plot matured earlier than in the other two years. All fruits were 
harvested on August 24 and 25. Their growing season was 126 days. 
The fruits produced in the check plot showed reddish brown color 
on August 15 or 16, and four or five days later those in the A plot 
began to mature. The VP and \V plots matured last. There was 
little difference in the ripening dates of the other four plots. In 1919 
all fruits were harvested on September 3 and 4. The growing season 
this year was 150 days. The fruits in the A plot were the earliest in 
their maturity, and those in the VP and \ plots the latest. The 
ripening date of the check plot corresponded closely with that of the 
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K plot, but the amount of fruit harvested from the check plot was so 
small as to be of no value for comparison with other plots. In 1920 
all fruits were picked on September 5 and 6. Their growing season 
was 138 days. The A plot showed the earliest, and the NP and N 
plots the latest maturity, as in the previous years. The trees in the 
check plot began to grow vigorously this year, which may account 
for the delayed maturity. 

These results indicate that the form of fruits is influenced by the 
average temperature during the growing season, which hastens or 
delays the maturity of the fruits. It is also probable that variation 
in the form of fruits depends somewhat on the treatment of the tree, 
and that this treatment also affects the length of the growing season. 
The earlier the maturity the more flattened is the form of fruits. 


Effect of growing season upon size and form of fruit 

In the previous discussion a single tree or a certain plot was taken 
as a unit for the variation in the size and form of pears. The various 
stages of individual fruits, however, represent a life history of de- 
velopment. It is important, therefore, to observe the life history of 
the individual specimen in the study of variations in size and form. 

Studies were made to determine whether there is a more or less 
definite period when pears make their chief increases in bulk and 
attain their fixed form, or whether increases in size and variation 
in form are both quite uniform and continuous throughout the grow- 
ing season. 

RiviERE and BAILHACHE (1) found, in the case of pears, that 
there are more or less definite growth periods for the developing fruit. 
Winter and many fall varieties increase in size just previous to the 
time for picking, while summer and a few fall varieties make their 
chief increase in size about the middle of their growth. 

WHITEHOUSE (6) reported, in his study of variation in apples 
during the growing season, that at least in the case of the Grimes 
there was a comparatively steady increase in size from the time of 
setting of the fruit until full maturity. There was no period of es- 
pecially rapid growth, as reported by Riviere and BAILHACHE for 
pears. There was no especially marked increase in size of the Grimes 
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apple after the first of the fall rains in early September. Wuite- 
HOuSE therefore stated that one would hardly expect to find such 
increases following a rain or irrigation during the growing season. 
He also reported in the case of the Tompkins King and the Fameuse 
varieties that the apples remained fairly constant in form, as com- 
pared with each other, throughout the growing season. In the Fa- 
meuse variety there was a tendency for apples to increase in trans- 
verse diameter relatively more rapidly than in longitudinal diam- 
eter; in other words, they became more oblate as the season pro- 
gressed. This tendency was most pronounced in the early part of the 
growing season. 

TAYLOR and DOWNING (5), in their studies on the irrigation of 
apple orchards, reported that Jonathan apples grew slowly from the 
time they were formed until July 15, completing less than 30 per cent 
of their total growth during the first half of the season. Irrigation 
during this period (before July 15) did not increase the size of the 
apples. Jonathan apples grew most rapidly during the period begin- 
ning about July 15 and ending about two weeks before picking time, 
when the rate of growth became considerably slower. Irrigation 
during this period of rapid growth had a decided effect in increasing 
the size of the apples, although it had almost no effect on the wood 
growth of the tree. 

The writer’s studies were carried on in 1918, 1919, and 1920. The 
first two years the observations were made on fruits on a tree grown 
in a plot treated with complete fertilizers, which was separated from 
the experimental fertilizer plot. The third year, trees no. 5 of both 
the VPK and \P plots were chosen for observation. ‘The index for 
the form was obtained as previously outlined. The index for showing 
the size was deduced from the product of the transverse and longi- 
tudinal diameters of the fruit. The correlation between the real 
weight of the fruit and this index was studied. The coefficient of 
correlation was +0.9188 +0.0038, calculated from 1616 matured 
fruits in 1918. From this result, the figure derived from the product 
of both diameter and length could be used with some confidence as a 
relative index to determine the size or weight of fruits, although the 
specific gravity of fruits might be different in the various stages of 
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growth. The intervals between measurements were from seven to 
eleven days, the irregularity being necessitated by weather condi- 
tions and other circumstances. 

Originally 25 pears were selected for observation in 1918, and 
24 of them were measured regularly. The other fruit dropped pre- 
maturely. In rg91g, 40 pears were observed at the start, 30 of which 
were measured throughout the growing season. In 1920, 35 pears 
were originally selected on the tree in each of the two plots, but only 
20 on tree no. 5 of the VPA plot and 23 on tree no. 5 of the VP plot 
were measured regularly. 

Records were kept of the average temperature and the total pre- 
cipation throughout the growing season, so that it was possible to 
correlate these factors with any marked variation in rate of fruit 
growth or in the proportion in growth of both diameter and length. 
These data, together with the average indices of both the size and 
the form of the fruits in each period of measurement, are shown in 
tables VIII-NI. 

Tables VIII and IX show that there was a period of especially 
rapid growth, comparable with that found for pears by Riviere and 
BAILHACHE. The fruit rapidly increased in size during this period 
as compared with other periods. It appeared in the interval be- 
tween July 8 and 18 in 1918, and from June 28 to July 7 in roro. 
In 1918 the maximum rate of growth took place during the period 
starting July 28 and ending August 6, or from the ggth to the rogth 
day following the date of full bloom. In toro the maximum rate of 
growth was during the period from July 18 to 28, or the interval be- 
tween the rorst and the 112th day from full bloom. 

The writer has applied the name ‘maximum period” to the 
period in the growing season during which the maximum rate of 
growth per day took place. When the fruit passed the maximum 
period the rate of increase in size became gradually slower until the 
harvesting time, in both 1918 and 1gtg. It is to be noted in both 
tables that there was not an especially marked increase in size fol- 
lowing a period of rain. 

With variation in form, the index increased continuously as the 
season progressed to the maximum period, or the period a little after 


it. The writer’s studies gave much the same results as those obtained 
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by WHITEHOUSE in his studies on apples. When the fruit passed the 
maximum period some irregularities took place in the direction of 
variation in form. These results indicate that the maximum period 
is the most important time for the observations on the variation in 
the pear during its growing season. 

A comparison of the data presented in tables X and XI is of 
interest. The observations were made after June 23 in 1920. The 
fruits on tree no. 5 of the VP plot averaged 87 per cent as large as 
those on tree no. 5 of the VPA plot at the beginning of the measure- 
ments. At harvesting time on September 6, the former was 41 per 
cent the size of the latter. The maximum period was reached one 
period earlier in the VP than in the VPA plot. In the former case 
the maximum period appeared in the interval between the 83d and 
the 92d day from the date of full bloom. In the VPK plot the 
period of most marked increase of the daily rate of growth coincided 
with the maximum period. There was no period of rapid growth in 
the VP plot, but the rate of growth became low after early August. 
The rate of growth was also slow in the season previous to the max- 
imum period in the VP as compared with the VPA plot. With 
regard to variation in form, the same results were obtained as in 1918 
and 1919. The data presented in the four preceding tables, although 
showing some irregularities, indicate that the higher the temperature 
the more flattened the fruits, especially in the weeks previous to the 
maximum period. 

Summary and conclusions 

1. There is no noticeable correlation between the form and the 
size of fruits produced on an individual tree of the Chojuro variety 
of Pyrus serotina. 

2. There is a close relationship between the form of fruits and 
the length of the growing season. 

3. The form of fruits is influenced by the average temperature 
during the growing season, which hastens or delays their maturity. 

4. No relationship, however, is observed between the monthly 
precipitation and the variation in the form of fruits. 

5. It is probable that variation in form of fruits depends some- 
what on the treatment which affects the length of growing season or 
ripening period. The earlier the maturity the more flattened is the 
form. 
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6. The term ‘““maximum period” has been applied to the period 
in the growing season during which the maximum rate of growth 
per day takes place. 

7. The maximum period of Chojuro pears, in the Kanagawa 
Agricultural Experiment Station plots, appears about the tooth day 
from the date of full bloom, when the fruit develops under normal 
conditions. 

8. Generally the form of the pear becomes more and more oblate 
in the season previous to the maximum period, and there is no deti- 
nite direction of variation in the form in the season following this 
maximum period. 

g. The writer does not consider the data conclusive; nevertheless 
they indicate that when relatively high temperatures prevail during 
the growing season previous to the maximum period, the form of 
fruits is more flattened than when lower temperatures exist. 


The writer is greatly indebted to Professor E. L. OVERHOLSER 
of the University of California for his assistance in finishing this 
report. He has kindly looked over the manuscript and given many 
helpful suggestions. Mr. T. ToGasui, the horticulturist of the 
Station, and Mr. 'T. TAKEucHI, the assistant pomologist, have ren- 
dered valuable assistance in the orchard culture and observations. 

AGRICULTURAL COLLEGE OF TOTTORI 

Torrort, JAPAN 
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CONDITIONS FOR GERMINATION OF SPORES OF 
ONOCLEA SENSIBILIS 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 336 
CONSTANCE E. HARTT 
(WITH PLATE XXIX, AND ONE FIGURE) 

Conflicting accounts have been given by various workers con- 
cerning the conditions for germination of fern spores. No adequate 
explanations have been made of these discrepancies. As the results 
of each investigator are usually consistent, it seems probable that 
some undescribed conditions of experimentation vitally affect the 
work. The factors which have been noted as influencing germination 
are temperature, intensity and refrangibility of light, culture media, 


and age of spores, and it is to be regretted that these data are often 
insufficient in the literature. 


Historical 

No mention is made of temperature by KauLruss, Leszcyc- 
SUMINSKI, THURET, MERCKLIN, WIGAND, or HOFMEISTER, except 
that MERCKLIN considered a certain temperature necessary. Boro- 
DIN (3), using water cultures of Aspidium spinulosum, found that 
the spores exposed to full lamplight germinated before those exposed 
to lamplight from which the heat rays were absorbed by interposing 
a vessel filled with water. SCHELTING (17) investigated the influence 
of temperature on germination, and found that Aneimia Phyllitidis 
always germinated earlier at 30° C. than at 18° C., and with further 
development showed that at the higher temperature the cells divide 
more rapidly but grow in length more slowly. He further stated that 
higher temperatures will cause germination in darkness, a statement 
which WorONEW contradicted. WoRONEW (20) obtained germin- 
ation in the dark on a nutrient solution at 28° C., but claimed that 
germination was slower than at a lower temperature in the light. 
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FIscHER (8), however, stated that spores of Polypodium vulgare 
germinated better in the dark at 25°C. than in daylight at room 
temperature, but no mention is made of the culture medium used. 
According to Scuuttz (18), other stimuli are not able to replace 
light, except in the case of Ceratopleris thalictroides, in which high 
temperature may. HEALD (9), working with Alsophila Loddigesii 
and C. thalictroides, found that a temperature of 32° C. will furnish 
the necessary stimulus for germination in the dark. He stated that 
germination depends upon certain chemical changes in foodstuffs 
stored in the spores; these changes may be caused by light or a tem- 
perature of 32°C. Kwyy (12), working with C. thalictroides, found 
that favorable temperature conditions are necessary, but did not 
state the temperature specifically. 

Intensity of light is mentioned by several: investigators. Lire 
(14) found that germination is best in light of medium intensity. 
Beck (2) and Kny (11) both found that light of “‘suflicient intensity” 
is a necessary condition for germination. According to NAGAI (15), 
strong light is injurious to the germination of spores of Ceralopleris 
thalictroides, and according to WoRONEw bright light retards growth. 
The effect of weak light was discussed by HOFMEISTER (10): “In 
those species where considerable elongation of the lowest cell occa- 
sionally takes place, it seems to be caused by deficiency in light.” 

Considerable work has been done to ascertain whether or not 
spores will germinate in absolute darkness, the varied results of 
which are given in table I. 

SCHELTING found that spores germinate well in the dark, and 
form a small amount of chlorophyll which is lacking in the spore, 
but LAAGE claimed that chlorophyll is not formed during germi- 
nation in the dark. He obtained no stages in germination in the dark 
more advanced than the bursting of the exine. 

Results on the effect of different qualities of light are given by 
Boropin, ScHuLz, HEALD, and BURGERSTEIN (5). Boropin, having 
found to his satisfaction that light is a condition necessary for 
germination, proceeded to determine which light rays are the most 
effective. Using water cultures of Aspidium spinulosum, Aneimia 
Phyllitidis, and Allosorus sagittatus, he was able to germinate spores 
in yellow light but not in blue. He isolated yellow rays by passing 
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TABLE I 


GERMINATION IN THE DARK 








Fern 
Aspidium spinulosum var. foeniscii 
Aspidium molle 
Aneimia Phyllitidis var. longifolia 
Allosorus sagittatus 
Asplenium alatum 
(Displasium) lasiopteris 
Polypodium repens 
Phegopteris effusa 
Osmunda sp 
Aspidium Filix-mas 
Aspidium violaceus 
Osmunda sp 
Aspidium Filix-mas 
Aspidium falcatum 
Aneimia Phyllitidis var. longifolia 
Pteris aquilina 
Scolopendrium vt 
Alsophila Loddigesii 
Ceratopteris thalictroides 
Ceratopteris thalictroides 
Osmunda sp. 
Pteris (3 spp.) 
Aspidium talcatum 
Aspidium Sieboldii 
Asplenium Filix-foemina 
Polypodium aureum 
Didymochlaena lunulata 
Doodia caudata 
Scolopendrium officinale 
Gymnogramme chrysophylla 
Aneimia Phyllitidis 
Alsophila elegans 
Alsophila australis 
Ceratopteris thalictroides 
Osmunda regalis 
Pteris aquilina 
Scolopendrium officinarum 
Aspidium Filix-mas 
Polypodium Dryopteris 
Pteris cretica 
Aspidium aculeatum 
Aspidium spinulosum 
Balantium antarcticum 
Asplenium lucidum 
Alsophila australis 
Polypodium aureum 
Dicksonia apiifolia 
Alsophila pruinata 
Aneimia Phyllitidis 
Gymnogramme calomelanos Mertensii 





Gymnogramme calomelanos Mertensii| 


Adiantum tenerum 


Adiantum fulvum 
Adiantum peruvianum 
Adiantum macrophyllum 
Asplenium bulbiferum 
Asplenium Belangerii 
Woodwardia radicans 
Nephrolepis davallioides 
Nephrolepis exaltata 
Cibotium Schiedei 
Balantium antarcticum 
Ceratopteris thalictroides 
Aspidium Filix-mas 


Aspidium fulvum 
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light through a solution of potassium dichromate; for blue rays, he 
used ammoniated copper oxide. He concluded that germination is 
due to the less refrangible rays, those of higher refrangibility acting 
in a manner similar to complete darkness, or in any case their effect 
being much weaker than the yellow rays. Scuutz found that moss 
and fern spores germinate in the yellow and blue halves of the spec- 
trum, as he obtained germination of several species of fern spores in 
white and red rays in twenty days, and in blue in thirty days. 
Heap, working with Marchantia spores, found that they do not 
germinate in darkness, and that blue rays have the same effect 
as absolute darkness. BURGERSTEIN, using twenty-four species of 
ferns, found that under the influence of blue rays the prothallia 
were formed several days to weeks later, never earlier, than with the 
less refrangible rays. No prothallia of Gymnogramme sulfurea were 
formed in blue light. 

Data on the age of spores show varied results. TREBOUX (19) 
stated that old moss spores often show slight viability in darkness, 
and will germinate in light only when provided with glucose. Miss 
RoGERs (16), working with Lygodium palmatum, found that spores 
planted at the end of three months produced less vigorous prothallia 
than those planted directly after collection. She found that each 
successive planting produced prothallia of decreasing vigor, as 
shown by their smaller size and slower growth. The rate and per- 
centage of germination were decreased. Practically all the spores 
planted directly after collection germinated, but of those which were 
kept seven months, 50 per cent began to crack only after twelve 
days. CAMPBELL (6) found that the spores of Onoclea Struthio pleris 
contain considerable chlorophyll, and germinate in three to five 
days. They retain their viability several months after being gath- 
ered. 

Several examples of the longevity of fern spores are found in the 
literature. CoLEBY and Druery (7) reported the germination of 
spores of Dicksonia twenty years old, and of spores of Gymnogramme 
aurea which must have been dormant a long time. According to 
Wricur (21), spores of Cheilanthes mysurensis, which were collected 
in October, 1899, and preserved in a herbarium, were sown in March, 
1go08, and produced healthy plants. In 1910 (1) a report appeared of 
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spores of Dicksonia antarctica which produced a large number of 
healthy plants after being in a herbarium twenty-two years. LAAGE, 
however, was unable to germinate six-year old spores of Aspidium 
Filix-mas, Aspidium angulare, Alsophila procera, or Dicksonia 
Wendlandi. 

According to Kny (11), old spores of Osmunda regalis show an 
appearance deviating very much from that of fresh spores. Their 
content is shrunk. The oily drops have come together in one or 
more larger drops. Because of thinness of exine and rich chlorophyll 
content, their germination capability is of short duration. 

While these investigators have shown that age is a factor in 
decreasing the germination capability of spores, Lire has shown, in 
one case at least, that age is important in causing germination. 
Alsophila australis spores need a year’s rest period between collec- 
tion and germination. 


Materials and methods 


It is apparent that the germination of spores should be studied 
from the point of view of limiting factors. The experiments recorded 
here deal with the following factors: intensity of light, effectiveness 
of rays of ditferent refrangibility, continuous light, temperature, 
and age of spore. The culture medium in all cases was distilled water. 
One species of fern was used, Onoclea sensibilis. In all experiments 
efforts were made to keep all conditions uniform except one factor. 

Varying intensities of light were obtained under the following 
conditions: (1) full sunlight, all day; (2) intense sunlight, south 
window with sunlight for six hours in middle of day; (3) moderate 
sunlight, east window with sunlight four hours in morning and dif- 
fused light rest of day; (4) intense diffused light, north window; 
(5) moderate diffused light, laboratory table 18 feet from north win- 
dow; (6) weak diffused light; (7) absolute darkness, as indicated 
by photographic tests. Constant temperature was maintained in 
water baths with thermostat control. 

Rays of different refrangibility were obtained by using red and 
blue colored glass prepared at the Desert Botanical Laboratory at 
Tucson, Arizona. The red glass admitted only red rays of the spec- 
trum, while the blue admitted green, blue, and violet rays, when 
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tested with a spectroscope. Cultures were kept under red and blue 
glass in north, east, and south windows, and in continuous light. 
Continuous light of constant intensity was obtained by using an 
electric bulb in a light-proof, wooden box lined with white paper. 

To ascertain the relation between viability and age of spores, 
experiments were made with fresh material collected when shedding, 
and some which had been stored in a refrigerator at 12°-13° C., and 
some stored at room temperature for periods varying from four 
weeks to ten months. The spores of Onoclea sensibilis are formed 
during the summer and fall, and remain over winter in the sporangia 
in apparently mature condition. They are shed in the open, in 
Massachusetts, during April and the first part of May. These large, 
oval spores vary in size from 58 to 73 “X67 to 76 w, and contain 
considerable chlorophyll. The spore of O. sensibilis is similar to that 
of O. Struthiopteris, as described by CAMPBELL, in having three thin 
spore coats through which the single large nucleus may easily be 
seen. Kny also found that the nucleus of the spores of Osmunda 
regalis is often visible in an uninjured spore. When this is not pos- 
sible, a slight pressure on the cover slip will cause the spore to 
emerge from its outer coat, thus facilitating observation of the 
earlier stages of germination which take place before the rupture 
of the exine. The first step is the division of the nucleus. The re- 
sulting two daughter nuclei may frequently be seen without the 
removal of the exine, before the dividing wall has formed. The 
splitting of the exine normally takes place after the formation of 
the first wall. The succeeding stages are of the usual polypod type 
(figs. 1-7). Germination in favorable conditions in the laboratory 
requires two to three days, but has been obtained in twenty-six hours. 
In April, 1922, the germination period in the open, when the tem- 
perature varied 5°-16° C., was one week, with a very low percent- 
age of germination. 


Observations and results 
EFFECT OF DIFFERENT LIGHT INTENSITIES 
As these experiments, lasting from February 10 to April 18, 
gave consistent results, an account of a typical set will be given. On 
April 10, spores were planted on distilled water within two to four 
I , 
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hours of collection. The temperature ranged from 21° to 23° C. The 
spores receiving intense diffused light always germinated most 
rapidly and in greatest numbers. Those receiving moderate and 
weak diffused light had a longer germination period than those in 
intense diffused light, while those in absolute darkness germinated 
even more slowly. In general, those in absolute darkness and those 
in weak diffused light developed longer filaments than those receiv- 
ing intense diffused light, as a result of which the chlorophyll of the 
former was less dense (figs. 8-10), but some germinated normally. 
Those in moderate sunlight germinated more slowly and less abun- 
dantly. Very few germinated in intense sunlight, many losing their 


TABLE II 
RELATIVE STANDING AFTER 29-34 HOURS 
BPE SUING 6-80 aie ee ea anlet ores cre ° 
2. THIGHS SHRONE . 666 he hen tres noes 1 out of many 
4, MbbdGrate SUNHBNE. s 6iccas chccmonnsee 13 out of 100 
4. Intense diffused light..............6.. 24 out of 52 


(in other experiments a larger proportion 
germinated) 


5. Moderate diffused light................ 21 out of 50 
6, Weak Girused HUME | -..sinacissesine dens 10 out of 36 
9. ADQONITG GATENESS 5 0c be cicacece cess 6 out of 30 


chlorophyll (fig. 11). There was no germination in full sunlight, 
most of the spores losing their chlorophyll and dying. The results 
of this experiment are shown in table II and text fig. 1. 

The question of chlorophyll formation in the dark is a difficult 
one. Resting spores contain chlorophyll but in no definite shape, 
while filaments produced in the light or dark contain chloroplasts; 
therefore some change takes place, the nature of which was not 
studied. 

I FFECT OF TEMPERATURE 

Data on the effect of temperature on germination were obtained 
in intense diffused light, absolute darkness, and continuous light. 
The experiments with continuous light are discussed later. 

The object of these experiments was to determine the minimum, 
optimum, and maximum temperatures at which germination takes 
place in intense diffused light and in absolute darkness. Experiments 
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conducted by Miss Stokey of Mount Holyoke College, assisted by a 
student, and others by the writer, lead to the supposition that the 
minimum temperature for germination in intense diffused light is 
around 15° C., the optimum between 27° and 33°, and the maximum 
between 35° and 4o°. These experiments were conducted without 
absolute temperature regulation. 

Using electrically controlled water baths, a series of experiments 
was conducted in intense diffused light and absolute darkness, with 
the results as shown in table IIT. 
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That 23 per cent germination was obtained at 17° C. seems not to be 
in accord with the results at 16° and 18°. It is possible that a slight 
variation in the temperature occurred during the night. The table 
shows that germination was first obtained at 16° in the light, and 
about 24° in the dark; that the highest percentage of germination in 
the light was obtained at 28°, and in the dark at 28°—29°; that the 
maximum temperature for germination was 34° in the light and 33° 
in the dark. 

Not only does temperature affect the percentage of germination, 
but also the character. Prothallia produced at 16°-28° in the light 
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were similar as to size of cells and distribution of chlorophyll. Those 
at 28° were further advanced in three days than those at the lower 
temperatures. Those at 29°-31° showed abnormal growth; for ex- 
ample, twinning, bent prothallia, rounded cells, and chlorophyll 
concentrated in the tip cell (figs. 12, 13). Some ungerminated spores 
at 31°-34° contained large fatty globules, resembling old spores. 
Spores kept at 35°-40° showed diminution in amount of chlorophyll. 


TABLE Il 


GERMINATION IN THREE DAYS 


Temperature °C. Light Dark 

“Lee ce ro) ° 

k, ORTmeP eee ° ° 

Pes cuesus fe) ° 

a ReR Ee ° ° 
eee 2 (ro per cent in 4 days) ° 

yar ere theory ae 23 per cent ° 

= eee 14 per cent o (1 doubtful) 
| a a 20 per cent fe) 

24. Many I 

27. Many 6-7 per cent 
28 100 per cent (normal) 05 per cent 
FE se we aha abe 55-90 per cent (abnormal) 95 per cent 
Bs ak ee ton go per cent (abnormal) 30 per cent 
3I re 30 per cent } 30 per cent 
32 Abnormal 16-20 per cent 
33 Very few Very few 
NE ee Very few ° 

35 ° ° 

30 °o ° 

40 ° ° 





Spores were kept at 35° for three days and then at room temper- 
ature. In three days a few had germinated, showing that they were 
not killed by 35° C. Spores which had been kept at 36° for three 
days were placed at room temperature and four germinated in two 
days; 40° was found to kill the spores. 

It is probable that germination depends upon the activity of 
certain enzymes. Possibly their reactions toward temperature may 
be explained by certain facts true of other physiological reactions; 
namely, that at normal temperature their actions are coordinated, 
but just below the maximum temperature there is more or less loss 


of self-regulation and coordination, which stops growth without 
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killing the organism. If the unfavorable condition does not last 
too long, activities become normal again with returning normal con- 
ditions; but if the temperature rises too high, cell death occurs. 


EFFECT OF RAYS OF DIFFERENT REFRANGIBILITY 

The spores kept under red and blue glass in intense sunlight did 
not germinate. As with full light, these experiments showed that 
intense diffused light is more favorable for germination than partial 
direct sunlight. In twenty-nine hours, half of those receiving the 
red rays in intense diffused light were beginning to germinate, 
whereas only one-fifth of those receiving the more refrangible rays 
were germinating. ‘This experiment was repeated several times, 
and every time those under the red glass in intense diffused light 
germinated the most successfully. These results, therefore, agree 
with those of BoropIN and HEALD, in that the less refrangible rays 
of the spectrum were found to be the most effective in promoting 
germination. The results differ in that the writer obtained germi- 
nation with the more refrangible rays, while they did not. They ex- 
perimented with spores containing little or no chlorophyll, however, 
while those of Onoclea sensibilis contain a large amount. 


EFFECT OF CONTINUOUS ARTIFICIAL LIGHT 

Almost all the spores kept at 31° and receiving full light germi- 
nated in forty-two hours, the exine splitting and green protruding. 
The primary rhizoid of some spores had begun to develop. A very 
few of those in the dark were cracking, many showing partial or 
complete loss of chlorophyll. Almost all germinated in red light, 
while only half germinated in blue. Two of those at 37° receiving 
full light germinated; the others were less green than normal, the 
chlorophyll having shrunk to the centers of the spores. Of about two 
hundred in the dark, nine or ten germinated. All the spores were 
greener than those in the light, but not as green as normal. A few of 
those receiving red rays germinated, but were not normally green. 
Those receiving blue rays showed results similar to those in absolute 
darkness. The temperatures mentioned are doubtful, as there was 
no adequate means of control. Subsequent work with more accurate 
control makes it seem highly improbable that any germination took 
place at 37° C. 
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VIABILITY OF SPORES OF DIFFERENT AGES 


These experiments were undertaken because the best results 
obtained in absolute darkness were in February and March, while 
in the last part of April and the first part of May the percentage of 
germination was low, and in the last part of May there was no germi- 
nation at all. The spores of the first experiments were used a few 
hours after collection, whereas those used later had been stored four 
to six weeks at 12° 13°. It would appear from this that fresh material 
is the best. To prove this, an attempt was made in the last part of 
May to find fresh material in the open. After a successful search it 
was found that material collected in the last part of May will not 
germinate in darkness in the usual time. The majority germinated 
in eight days, a few with long filaments of only one cell, but the 
greater number with two normal cells. ‘These results suggest that 
germination is influenced by the age of spores. 

Spores were collected near South Hadley, Massachusetts, in 
May, 1923, and stored about a month at 12°-13°; afterwards at 
room temperature. At the end of March, 1924, many of these 
germinated in light in five days, and a very few in the dark in ten 
days. 

Spores were collected near Smith, Indiana, July 7, 1923, and 
stored at room temperature. From January 4 to 10, 1924, a few 
germinated in light and in the dark, but from March 28 to April 7 
there was no germination either in light or dark, and there was no 
visible chlorophyll in the spores. Spores were sown May 8 and kept 
in intense diffused light at 28°-30°. By May 13 five spores had 
germinated, while most of the others were brown or almost colorless. 
It was evident from the position of these five spores that they had 
come from a single sporangium which had atforded them protection. 

Spores collected December 17, 1923, at Greensboro, North 
Carolina, and stored at room temperature, were planted March 28. 
After five days in the light many were two or three celled, while after 
ten days in the dark only three germinated, forming long, single celled 
prothallia with the chlorophyll in the tip. These results suggest 
that spores retain their germination ability in light longer than in 
the dark. 

Little work has been done to determine the chemical difference 
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between mature and old spores. Fresh spores contain fat (but not in 
conspicuous globules), a little protein, and no starch. They are 
richly supplied with chlorophyll. The older a spore becomes the less 
chlorophyll it contains, until none is left. Old spores contain many 
conspicuous fatty droplets of various sizes (fig. 14). Similar globules 
may be obtained by heating fresh spores in 95 per cent alcohol on 
the water bath. 

While these factors have been treated separately, it must not be 
supposed that they can be absolutely divorced. For instance, old 
spores will germinate at higher temperatures but not at medium or 
low, and in intense diffused light spores will germinate at temper- 
atures lower than in absolute darkness. Since Onoclea sensibilis 
spores germinate over a wide range of light and temperature intensi- 
ties, but lose their viability in a comparatively short time, it is sug- 
gested that age may be the limiting factor. 


Summary 

1. These experiments deal with the conditions for germination 
of spores of Onoclea sensibilis. 

2. Spores germinate best in diffused light, and intense diffused 
light is better than moderate or weak. 

3. Sunlight is unfavorable to germination, and intense, long 
continued sunlight destroys chlorophyll. 

4. Spores germinate in absolute darkness. 

5. The highest percentage of germination in continuous light 
was obtained at 31° C. 

6. The minimum temperature for germination in intense diffused 
light is 16°, the optimum 28°, and the maximum 34°; 4o° kills the 
spores. 

7. The minimum temperature for germination in absolute dark- 
ness is 24°, the optimum 28°—29°, and the maximum 33°. 

8. The less refrangible rays of the spectrum are the most effec- 
tive in causing germination, whether intermittent or continuous. 

g. Viability in light and darkness depends upon age of spores. 
Spores retain the ability to germinate in light longer than the ability 
to germinate in the dark. 
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10. Old spores differ from fresh ones in that they contain less 
chlorophyll, and the fat is present in more conspicuous globules. 

11. Since O. sensibilis spores germinate over a wide range of 
light and temperature intensities, but lose their viability in a com- 
paratively short time, it is suggested that age may be the limiting 
factor. 

12. It is suggested that the conflicting accounts of previous 
investigators have been caused by some undescribed conditions of 
experimentation, such as variations in temperature, light intensity, 
types of media, or age of spores. 


The writer wishes to express deep gratitude to Dr. ALMA G. 
STOKEY of Mount Holyoke College, and to Dr. CHARLES A. SHULL 
of the University of Chicago, for suggestions, help, and criticism 
{ these experiments. 


( 
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Sr. LAWRENCE UNIVERSITY 
Canton, N.Y. 
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EXPLANATION OF PLATE XXIX 
All figures except fig. 14 were drawn with a camera lucida X 340. 
Fics. 1-7.—Stages of normal germination. 
Fics. 8-14.—Abnormal forms. 
Fic. 8.—After 72 hours in weak diffused light. 
Fic. 9.—After 66 hours in absolute darkness. 
Fic. 1o.—After 72 hours in absolute darkness. 
Fic. 11.—Diminution of chlorophyll content, as in old spores, or those ex- 


posed to intense sunlight or to temperatures of 31°-40° C. 


Fics. 12, 13.—Bent prothallium and twins formed at 29°-31° C. 
Fic. 14.—Crushed spore with fatty globules. 
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A NEW SPECIMEN OF LEPIDOSTROBUS FOLIACEUS 
CONTRIBUTIONS FROM THE HULL BOTANICAL LARORATORY 337 
Juan D. Campos 
(WITH PLATES XXX-XXXII) 

The series of sections which forms the principal basis of this paper 
was sent by Mr. Lomax of Lancashire, England. As the type speci- 
men (C. N. 1614, WILLIAMSON 8) on which MASLEN founded this 
species was incompletely preserved, only a provisional diagnosis (4) 
was given. With better material on hand, excellently preserved and 
prepared, it seemed wise to direct attention to an intensive study 
of the structure of this species so that a fuller description of it 
could be given. 

‘The material studied consists of a series of twelve transverse sec- 
tions of the cone, slides G 8-19. According to LOMAX, it is “‘the most 
perfect specimen of a lycopodiaceous cone that has yet been dis- 
covered.”” A comparison of this with those described and figured in 
literature will justify the claim. G 8 is cut through the apex and 
G 19 through the base of the cone. The length of the cone was 
originally 2 inches, or 5.1 cm., while measurements of the middle 
sections give an average of 2.4 cm. in diameter. The Halifax Hard 
Bed at Hudderstield, Yorkshire, England, from which the specimens 
were collected, is a coal seam of the Lower Coal Measure Formation 
in the Gannister Horizon. 

Cone 

The diagrammatic reconstruction shown in fig. 9 will give an 
idea of the general form and structure of the cone. This reconstruc- 
tion was based upon the twelve transverse sections. Each section 
was carefully traced on a blank sheet with camera lucida. One of 
these tracings is shown in fig. 1. After measuring each part of the 
cone traversed by the dotted line (x-y) across the longer diameter 
of the section, it was plotted on a graph sheet. A general survey of 
all the slides suggested a bent axis, for some of the sporangia were 
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cut transversely on one side of the axis and tangentially on the other. 
Only a bent axis as shown will fit the situation, taking for granted 
that the sections were cut parallel to each other from the block. As 
there were no longitudinal sections available from this same mate- 
rial, the diagrammatic longitudinal section of a sporophyll attached 
to the axis (fig. 14), together with those figured by WILLIAMSON and 
MASLEN, helped in roughly mapping out the form and relation of 
the various parts. As shown by the reconstruction, the general form 
is ovoid, measuring a little over 5.1 cm. in length and 2.4 cm. in 
diameter through the widest portion. 


Cone axis 


The axis is in excellent condition for an intensive study of the 
internal structure throughout its entire length. For this reason it 
would offer a good material for finding, as MASLEN suggested, “‘what 
variations in structure, if any, take place in different regions in the 
same cone,” 

The cone axis consists of a definite pith, a rather broad primary 
xylem bordered with protoxylem cells bulging out into points in 
several places around the xylem cylinder, a 1-2-celled meristematic 
region, and a narrow undifferentiated cortex (primary) containing 
sporophyll traces (fig. 2). Table I shows the dimensions secured from 
the slides, G 19 representing the lowest section, G 14 a middle sec- 
tion, and G 9g the second to the top slide. From this table it will be 
seen that: (1) the axis is long and slender, tapering to a point toward 
the top; (2) the pith is smaller at the bottom than at the top; (3) 
the primary xylem is thicker at the bottom than at the top; (4) the 
cortex maintains the same thickness throughout; (5) the meriste- 
matic region is very narrow, and maintains the same thickness 
throughout; (6) the protoxylem points number from 7 to 15 on each 
section, there being less in the top sections; (7) the sporophyll 
traces on each section are the same in number throughout the length 
of the axis. 

Fig. 3 shows three stages in the separation of the sporophyll 
trace bundles from the peripheral protoxylem points. At a is a 
protoxylem point just beginning to separate, at 6 is another bundle 
with one or two meristematic cells inserted between the sporophy]l 
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trace bundle and the xylem cells inside, and at ¢ is a large one wholly 
separated from the xylem cylinder, but still imbedded in the cortex. 
On account of the absence of longitudinal sections it is impossible 
to give an account of the course of the sporophyll trace bundles 
through the cortex. 

Sporophyll 

Fig. 14 shows a reconstruction of the sporophyll bearing a 

sporangium on its adaxial surface. This reconstruction was based 
upon a series of sections (fig. 10) of a sporangium running through 
slides G 11-19. As in the former reconstruction, the whole was plot- 
ted on a graph sheet. 

TABLE I 


DIMENSION AND NUMBER OF PARTS OF CONE AXIS 








Parts Base G 19 Middle G 14 Top Go 
* ae! vat | j s 
mm. mm. mm. 
Diissntter OF Geiss. cc oc tices 1.28 0.905 0.53 
Diameter of pith......... 0.25 0.26 0.30 
"RRERDICSS OF AES cn. cos saeco ks 0.20 0. 26 0.24 
Thickness of meristem....... 0.002 0.002 0.002 
Thickness of cortex........... 0.08 0.09 0.09 
No. of protoxylem points.... 12 15 7 
No. of sporophyll traces... ... 9 C 9 





As the sporophyll trace bundles leave the axis to form the pedicel, 
they carry with them an envelope of cortical parenchyma and assume 
a peculiar triangular shape (fig. 6 to fig. roa), The one corner turned 
toward the axis is blunt, while the outer two are sharper pointed. 
In the better preserved specimens may be recognized a row of epi- 
dermal cells. The greater part of the pedicel is taken up with thick 
walled parenchyma, leaving only a small area in the center for 
thinner walled parenchyma surrounding a simple bundle. This 
bundle consists of the same number (30-70) of elements as when they 
were in the cortex, and measures 11 mm. across. It has no definite 
protoxylem cells. In most of the pedicels there is a space on the 
dorsal side of the bundle which corresponds with MASLEN’s “phloem 
region.”’ The thin walled parenchyma surrounding the bundle may 
be taken as a continuation of the meristematic region of the axis. 
In this connection may be mentioned the presence in some of the 


pedicels of a similar space on the ventral side of the bundle. Fig. 4 
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shows this space as the result of the breaking down of the fine 
parenchymatous tissue investing the bundle. From this it may be 
inferred that the dorsal space referred to as ‘‘phloem region” may 
have originally been fine parenchyma, as those surrounding the 
bundle, or some “secretory cells” claimed by SEWARD (7) to take the 
place of true phloem in Lepidodendron. Some of these spaces meas- 
ure 0.25 mm. across. or occupy a larger area than the bundle. 
Whether this space represents a phloem, or not, we have the begin- 
ning of a collateral bundle here instead of in the cortex (4). From 
the way the sporophyll traces are arranged in the cortex the pedicels 
must have been spiral on the axis. 

As represented in the diagram of a sporophy]l (fig. 14), the pedicel 
rises with the axis at an oblique angle for a considerable distance 
before it swells up on the ventral side (fig. 106). From this point 
up to a distance of 26 mm., the sporangium is attached on the adaxial 
surface of the pedicel, and inclines at about 20° angle with the axis. 
The pedicel at this region becomes winged and slightly keeled on 
the dorsal surface (fig. 10 c-g). Beginning with d there arise on the 
ventral side of both the expanding wings sclerenchymatous tissues, 
forming lateral cushions for the large sporangium (fig. rrscl). A 
striking peculiarity of this structure is the bilobed condition as the 
more distal end of the attachment of the sporangium to the pedicel 
is reached (fig. rscl'). Fig. 11 at the right side shows the beginning 
of this bilobed condition. 

Figs. 10 and 11 show that the pedicel sends out a distinct stalk 
to the sporangium, with a bounding layer continuous with the 
sporangium wall. Unfortunately none of the pedicel bundles at this 
region is cut transversely to show structure, but dark masses of the 
same size as those noticed lower in the pedicel indicate that there 
was no change in size or in form. Near and at the terminal ends of 
the wings are epidermal cells, but not as well defined as those figured 
by MASLEN. The “phloem space” could not be recognized in many 
of the sections, due perhaps to the crowded condition in this region. 

As the periphery of the cone is reached, a broadened lamina rises 
upward from the widening distal end of the pedicel. This part tapers 
to a point high above its base. The actual length cannot be given, 


but, judging from the large and increasing number of lamina sections 
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as the apex is approached, and from the sporophyll reconstruction, 
it may measure 18 mm., thus justifying the specific name foliaceus 
given by MAsLEN. A downward heel of the sporophyll lamina is 
represented in cross-section (fig. 1#) as triangular in shape. This is 
the only one identified as a downward heel; so it may be inferred 
that it is short. 

The bundle at the base of the lamina (fig. 5) shows the same 
number of elements as previously noted. The elements here show 
scalariform markings, as they are cut slightly tangentially. A few fine 
parenchymatous cells surround the bundle, but outside these are 
scattered thick walled cells with scalariform thickenings. They are 
abundant on the ventral side, but absent on the dorsal side. These 
structures fit well the description of “transfusion tissue” or “short 
barred cells” (g). Toward the tip of the lamina the bundle becomes 
concentric, as the “phloem space”? which accompanies it up to the 
region of the base of the lamina disappears as the apex is reached. 

The striking feature of the species mentioned by MASLEN, the 
“indiscriminately scattered cells with dark contents” (or ‘secretory 
sacs’’), is easily recognized. Fig. 8 shows the general distribution of 
these cells, while fig. 7 shows them in greater detail among the large 
celled parenchyma which makes up the greater part of the sporophy]1 
lamina. Epidermal cells are recognized. Below these is a layer of 
hypoderma which is thicker along the middle of the lamina. General- 
ly the ventral side has a thicker layer of hypoderma. 

Fig. 12 shows the remains of a ligule between what apparently 
are extensions of the inner lobe of the lateral cushions beyond the 
sporangium stalk. Above the ligule is shown the sporangium wall 
wholly separated from the pedicel. This situation may be looked 
upon as though the ligule arises from a cavity under the projecting 
distal end of the sporangium, with the extensions of the inner lobe 
of the lateral cushions at the sides, and the ventral wall of the lamina 
on the outer side. 

Sporangium 

As already mentioned, the pedicel sends out a distinct stalk to 
the sporangium. This is continuous throughout the greater length 
of the pedicel, forming a longitudinal ridge of tissue between the 
sclerenchymatous cushions. This is sometimes known as the ‘‘sub- 
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archesporial pad.”’ On top of this is laid a mass of sterile tissue. To 
this stalk is attached a large sporangium, the largest of which meas- 
ures at least 27 mm. X2 mm. 

The wall of the sporangium consists of the ordinary palisade-like 
cells, thicker on the dorsal side just above the wings of the pedicel 
than on the ventral side. At places where the wall bends sharply, a 
layer of cellular tissue is often observed. This can be traced to the 
sterile mass of tissue laid on top of the subarchesporial pad. Arising 
from the ridge formed by the sterile mass of the tissue is a delicate 
radial plate, recalling the trabeculae structures in the modern [soetes. 
Fig. 10 shows that toward the proximal end such a structure is 
absent, but as section e is reached there appears such a structure 
bifurcating near the top. Section g or the more distal sections show 
distinctly these trabeculae. A survey of a section of the cone from the 
axis to the periphery reveals the same situation. The basal and apical 
sections of the cone show no variation from this plan. From this it 
looks as though ontogenetic development of this structure must 
have begun from the distal end, and that these are definite plates 
partly dividing the sporangium case into three regions. 


Spores 


The numerous spores (fig. 13) which fill the sporangium measure 
approximately 0.032 mm. in diameter. On close observation the tri- 
radiate markings are noticeable on those not broken in the prepara- 
tion. A thorough search of all the sections failed to disclose a single 
megaspore. In a way this result sounds startling, for, as it will be 
recalled, Mrs. D. H. Scorr (6) in 1906 designated Triletes diabolicus 
as belonging to Lepidostrobus foliaceus Maslen. BERRY (3), however, 
says that the two kinds of spores may be produced upon different 
cones. ‘The specimen under investigation is as perfect as can be ex- 
pected. A glance at the reconstruction (fig. g) will suggest the idea 
that although the lowest slide does not represent the real base of the 
cone, the specimen very nearly represents the whole cone. ‘The con- 
verging of the general outline toward the base, the total absence of 
sporophyll lamina sections on the first two lowest slides (G 18-19), 
and the decreased number of sporangia sections on these support 
this view. The writer feels sure, therefore, that the specimen on 
hand is homosporous. 
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Related Lepidostrobi 


On the basis of structure, the closest relatives of L. foliaceus 
Maslen are L. Oldhamius Will. (1, 4, 8), of which there are many 
forms, L. Veltheimianus (5, vol. 1), L. Bertrandi (10), L. Binneyvanus 
(1), and L. gracilis (1). ‘These, as well as L. foliaceus Maslen, agree 
in all the generic characters of Lepidostrobus as given by ZEILLER 
(11). 

Diagnosis 

The following characters are enumerated for the diagnosis of 
Lepidostrobus foliaceus Maslen: 

1. Lower Carboniferous Formation; Gannister Horizon. 

2. The cone is ovoid, measuring 5.1 X 2.4 cm. 

3. The sporophyll has a long triangular pedicel (26 mm.) up to 
the attachment of the sporangium, and leaves the axis at an oblique 
angle of about 20°. 

4. A distinct stalk to the sporangium clongated along the length 
of the pedicel is recognized; hence the sporangium is not sessile. 

5. The pedicel under the sporangium and on the wings has two 
lateral sclerenchymatous tissues, each of which is bilobed at the dis- 
tal end, seemingly acting as supports to the massive sporangium. 

6. The ligules arise from a cavity overhung by the distal end of 
the sporangium. 

7. On top of the subarchesporial pad is a ridge of sterile tissue 
from which arise sterile plates or trabeculae. 

8. The sporangia bear only microspores; hence the specimen is 
homosporous. Another form (6) is reported heterosporous. 

9. ‘The axis consists of a small pith, a rather broad zone of prima- 
ry xylem with peripheral protoxylem points, a narrow meristematic 
region, and an undifferentiated cortex imbedding sporophyll trace 
bundles. 

10. ‘The bundles consist of 30-70 scalariform elements, accom- 
panied on the dorsal side with a “phloem space” beginning at the 
base of the pedicel as it leaves the axis, up to the region of the base 
of the sporophyll lamina where transfusion tissues appear. 

11. The lamina of the sporophyll is composed mostly of large 
celled parenchyma, many cells of which show dark contents simulat- 
ing ‘secretory sacs.” 
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12. The upturned lamina is unusually long, attaining a length 
of 18 mm. in some cases. 

From this diagnosis it is clear that the material studied is un- 
mistakably identical with that partly diagnosed by MAs.Len. It will 
be fair, therefore, to call it L. foliaceus Maslen. Fortunately the 
specimen is in excellent preservation to supply the needed structures 
in fine details, so that a full account of the species is now available. 

SILLIMAN INSTITUTE 

Dumacveta, P.I. 
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EXPLANATION OF PLATES XXX-XXXII 
Fic. 1.—Transverse section through middle of cone (G 14), showing axis 
in middle surrounded with 17 pedicels, 2-3 rows of sporangia, and number of 
sporophyll lamina sections outside: /#, heel of sporophyll lamina; sc/, scle- 
renchymatous cushion; sc/', bilobed sclerenchymatous cushion; X 4. 
Fic. 2.—Transverse section of cone axis near base (G 18), showing narrow 
pith in center, rather broad primary xylem cylinder bordered with protoxylem 
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points, 1-2-celled meristematic region, and narrow undifferentiated cortex con- 
taining sporophyll traces; X73. 

Fic. 3.—Details through outer portion of axis (G 18 at B), showing portion 
of xylem cylinder: a, protoxylem point just beginning to separate; b, bundle 
being cut off by insertion of meristematic cells; c, bundle wholly separated from 
xylem cylinder but still imbedded in cortex; X 196. 

Fic. 4.—Details of pedicel bundle (G 11), showing on dorsal side (above) 
a phloem region, and thin walled parenchyma surrounding simple bundle; X 196. 

Fic. 5.—Details of bundle (G 9 at E) at base of lamina, showing transfu- 
sion tissue on ventral side (below); X 1096. 

Fic. 6.—Transverse section of pedicel (G 18 at C) below sporangium at- 
tachment; ‘phloem space”? above bundle; X73. 

Fic. 7.—Details of transverse section of sporophyll lamina (G 11 at C)> 
epidermis partly disorganized but hypoderma well preserved; among large 
celled parenchyma are indiscriminately scattered cells with dark contents or 
“secretory sacs’; X73. 

Fic. 8.—Transverse section of sporophyll lamina (G 11 at C), showing 
general distribution of “secretory sacs’’; X21. 

Fic. 9.—Reconstruction of median longitudinal section of whole cone based 
upon twelve transverse sections (G 8-19); X2. 

Fic. 10.—Series of sections of single sporophyll with sporangium (G 11- 
19): a, from G 19; ?, from G 11; X8. 

Fic. 11.—Details of transverse section of pedicel and attached sporangium 
(G 9 at D); sc/, sclerenchymatous cushion; X 2r. 

Fic. 12.—Transverse section of distal portion of sporangium and _ pedicel 
(G ro at D), showing ligule (/g) between extensions of bilobed sclerenchymatous 
cushions; X73. 

Fic. 13.—Microspores showing characteristic triradiate markings; a, from 
G 8 or apex of cone; ), from G 14 or middle; ¢, from G 19 or near base of cone; 
X 363. 

Fic. 14.—Reconstruction of sporophyll bearing sporangia adaxially (based 
upon series of sections sketched in fig. io); sporophyll as shown inclines at 20° 
angle with axis; X 2. 











BRIEFER ARTICLES 


PARADICHLOROBENZENE IN THE HERBARIUM 


The compound paradichlorobenzene, for which Guyron and STEAR' 
have recently proposed the convenient and sensible abbreviation PDB, 
has lately come into extensive agricultural use as an agent for killing peach 
borers. It comes on the market in the form of volatile, whitish crystals 
giving off at ordinary temperatures a gas with a penetrating and pungent 
but not unpleasant odor, which is highly poisonous to insects. In this 
laboratory it has been tested for a year and a half in the mycological 
herbarium, and has been found to possess certain distinct advantages over 
other material used to protect fungi from insect attack. It has been found 
particularly valuable for disinfecting large boxes of specimens awaiting 
detailed study, and the large packages of material kept for class use, both 
of which are particularly likely to be attacked by insects because they are 
necessarily stored in such a way as to afford less protection than is given 
to regular herbarium specimens. 

The gas is heavier than air; hence in disinfecting large boxes of mate- 
rial known or suspected to be infested with insects, the specimens are 
first placed in the box, then a small quantity of the PDB crystals is put on 
top in a folded paper or an envelope, and the box closed. When the space 
to be disinfected is small, the position of the crystals is unimportant. The 
specimens need not be removed from their envelopes unless time is press- 
ing, in which case, if the specimens are unwrapped and a somewhat larger 
quantity of the crystals used, results will be secured more rapidly. 

PDB is much more volatile than naphthalene, and will not entirely 
replace the latter for permanent use in the packets. In cold weather it 
has been found desirable to use the two together. A few crystals of PDB 
are added to the usual quantity of naphthalene placed in each packet; 
or, if a large number of specimens is being put up at one time, the two are 
mixed together in the proportion of one part of PDB to two or three of 
naphthalene, and a pinch of the mixture is put into each packet. It is not 
desirable to mix the two in hot weather, since the mixture melts at 40° C. 
and begins to cake at an even lower temperature, while the PDB alone 
remains solid up to 50° C. The compound is quite harmless to the speci- 
mens, and in the small quantities used seems to have no effect whatever 
upon human beings. It has been found so convenient and effective in the 
limited field in which it has been tried as to suggest that its use might well 
be extended to the protection of preserved specimens of other groups of 
plants.—G. W. Martin, University of Iowa, Iowa City, Towa. 

* Penna. Dept. Agric. 1924. General Bull. 383. 
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BOOK REVIEWS 
Colloid symposium monograph 


Attention of plant physiologists is called to the publication of the Second 
colloid symposium monograph, which contains the papers presented at North- 
western University during the summer of 1924. There are twenty titles, some 
of which are worthy of note. Among these may be mentioned a paper by Micua- 
ELIS on The general principles of the effects of ions in colloids, and one by FREUND- 
Lich on Sols with non-spherical particles. Several papers deal with emulsifica- 
tion. These are by Hotmes and WILLIAMS on Polar emulsifying agents, and Io- 
dine as an emulsifying agent; and a paper by HARKINS on The orientation of mole- 
cules in the surfaces of liquids. 

The outstanding contribution is a lengthy discussion of the prolamines and 
their chemical composition in relation to acid and alkali binding, by HOFFMANN 
and GortNer. This excellent paper occupies about 150 pages, and constitutes 
what Hormes calls ‘ta masterly reply to certain implied criticisms of colloid 
chemistry found in Lors’s book on proteins and the theory of colloidal be- 
havior.” 

Two types of combination between proteins, and acid and alkali, are recog- 
nized. Chemical combination holds between hydrogen ion concentration limits 
from Py 2.5 to Py 10.5, and between these limits the amount of acid or alkali 
bound depends on the chemical composition of the protein. When the acidity is 
greater than Py 2.5, or alkalinity greater than Py 10.5, however, an adsorption 
type of combination occurs; and at these extreme ranges all types of prolamines, 
regardless of their composition, bind approximately the same amount of acid or 
alkali. 

Indications are found that the isoelectric “point” of a protein is really an 
isoelectric range, the position of the range on the Py scale depending on the 
chemical composition of the protein. The calculated isoelectric points obtained 
by extrapolating the logarithmic curves for acid and alkali binding, however, 
are found to fall near the neutral point of water, Pa 7, which would be expected 
on the theory that at higher concentrations of acid and alkali, the combination 
follows the adsorption law. These calculated isoelectric points, therefore, are 
not related to the chemical composition of the protein. This paper deserves care- 
ful study by all who desire to keep abreast of our knowledge of the physical 
chemistry of the proteins. —C. A. SHULL. 


* Colloid symposium monograph. Vol. IL. Ed. by H. N. Hoimes. 8vo. pp. viii-+ 
308. N.Y.: Chemical Catalog Co. 
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MINOR NOTICES 

Tree habits.—For the student of forest life who wants something more 
than a diagnosis of the species, a recent book by ILtick? on tree habits will be 
welcomed. Those who desire to increase their ability to recognize the hardwoods 
at all seasons of the year may learn much from its pages. The writer seems to 
have attained a happy medium of style that lies between the dryness of mere 
taxonomic description and the sentimentality that characterizes some so-called 
“nature books.” The book reads easily, while the information is scientifically 
accurate. The identification of the species is aided by illustrations, keys, and 
tables. In the latter are included many details of habit and structure that are 
seldom mentioned in textbooks, but are in continual use by ecologists, foresters, 
and lumbermen. The illustrations are numerous and excellent, including draw- 
ings of leaves, flowers, and fruits, and photographs of trunks, twigs, and entire 
trees. The glossary, keys, and index are adequate, although the last should in- 
clude scientific as well as common names. While the book does not include all 
our broad-leaved trees, few species of wide distribution or of any economic im- 
portance are omitted. It is hard to conceive of a volume of this type that is likely 
to prove more companionable.—Geo. D. FULLER. 


NOTES FOR STUDENTS 

Temperature for ripening of sweet corn.—Not all are in agreement as to 
what the chemical composition of sweet corn should be at the time it is picked to 
be eaten, or to be packed into cans. Usually the sweetness is emphasized, but some 
state that the content of starch and crude fiber is of equal if not of greater im- 
portance. APPLEMAN and Eaton’ have determined the chemical changes in 
sweet corn during ripening, relating these to temperature, and attempting to 
make the results of some practical value as a guide for the picking of sweet 
corn in different parts of the country, or in different seasons in the same local- 
ity. The decrease in starch and the increase in sugar were the chief changes 
noted. At the time of greatest sugar content, the reducing sugars predominate, 
but these quickly decrease in amount. Since the reducing sugars are not nearly 
as sweet as cane sugar, the stage of greatest sweetness Is not that of greatest 
total sugar content, but that of greatest cane sugar content. The changes in the 
amount of fat, crude fiber, and total nitrogen occurred early in the ripening 
process, and after that there was not much change in the amount of these con- 
stituents present. The rate of ripening is controlled by temperature. It took 
fifteen days for a late crop to reach the same stage of ripening that was reached 
by an early crop in six days. The temperatures of the two periods were com- 
pared, and after trying out several temperature indices, in an attempt to evalu- 

2 Iuuick, J. S., Tree habits: how to know the hardwoods. pp. iv+337. figs. 196. 
Amer. Nature Assoc., Washington, D.C. 1924. $4.00. 

3 AppLEMAN, C. O., and Eaton, S. V. Evaluation of climatic temperature effi- 
ciency for the ripening processes in sweet corn. Jour. Agric. Res. 20: 795-805. 1921. 
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ate the efficiency of temperature as the controlling factor in the ripening pro- 
cess, it was decided that the exponential indices furnished the best criterion. 
The time ratio for the ripening periods of the two crops was practically the 
same as the ratio of the averages of the daily exponential indices for the two 
periods. This ratio was 2.57, so the rate of ripening seems to follow the Van't 
Hoff-Arrhenius law. The exponential indices were used to predict for different 
localities and different seasons of the same locality the maximum number of 
days that sweet corn will remain in the best edible condition, as well as the 
approximate number of days required for corn to pass from the beginning of 
kernel formation to the stage of best quality for canning or edible purposes. 
These results should be of practical value to canners of sweet corn.—S. V. 
EATON. 


The Sargasso Sea.—A recent report by WINGE* seems to add materially 
to our knowledge of this curious plant community. The vegetation is represent- 
ed as varying much in abundance, from miles of open sea without a plant, 
through thin layers of drift, to rather dense masses of tangled plants. Doubt is 
expressed whether any of the drifting Sargassum belongs to anchored shore spe- 
cies. Eight floating forms or species are described and designated by the num- 
bers I to VIII, three of these forming the great mass of the vegetation. It is 
suggested that these be transplanted to the shallow waters of the coast in order 
to determine their relation to coastal forms. Surgassum requires a water tem- 
perature of 18° C. in order to thrive, and this must be considered in experimen- 
tal work. 

The extent of the Sargasso Sea has been mapped, and it has been determined 
that its northern boundary varies seasonally, reaching farther north during the 
summer, dependent on the direction of prevailing winds. The other boundaries 
are relatively fixed.—Geo. D. FULLER. 


Floral ontogeny.—T1Hompsons has contributed the first paper in a new series 
of botanical publications to be issued by the University of Liverpool. He states 
that “in the study of flowering plants attention has been so focussed on the adult 
organism that the facts of ontogeny have for the most part been passed un- 
noticed.”’ In this initial study the floral ontogeny of the Amherstieae (Legumin- 
osac) is described in great detail and well illustrated. The general purpose is to 
discover in this way suggestions as to relationships. As a result of this study of 
the tribe Amherstieae, the genera are rearranged according to the records of 
their ontogenies. 

Floral ontogeny was first established by PAYER in 1857, but has been very 

4Wince, O., The Sargasso Sea, its boundaries and vegetation. Rept. Danish 
Oceanographical Exp. 1908-10 to the Mediterranean and adjacent seas. 37: pp. 34 
Sigs. 14. 2 maps, 1923. 

5 Tuompson, J. M., Studies in advancing sterility. I. The Amherstieae. Univ. 
Liverpool, Publ. Hartley Bot. Lab. no. 1. pp. 54. figs. 104. 1924. 
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little developed since, although it is a subject well deserving cultivation. It is 
significant, therefore, that this field of research has been opened again in this 
series of studies to be published by the University of Liverpool.—J. M. C. 


Trees and shrubs of Mexico..—StTaNDLEY° has published the fourth install- 
ment of the Trees and shrubs of Mexico, bringing together in organized form the 
known material of 37 families. This work has involved the study of 275 genera 
and 1738 species. Very few new genera and species are included, as the work is 
intended to assemble rather than to monograph the groups. One new genus 
(Leucopremna) of Caricaceae is established, and 43 new species, 11 of which be- 
long to Eugenia (Myrtaceae). Much the largest family is the Cactaceae, since 
it is displayed more in Mexico than in any other region of the world. This family 
is presented by Britron and Ross, and includes 54 genera and 523 species. The 
largest genera are Veomammillaria with 134 species, Opuntia with 87, and Echi- 
nocereus with 48. The other large families are Menthaceae (127 species), Ascle- 
piadaceae (119 species), Solanaceae (114 species), and Melastomaceae (114 


species).—J. M. C. 


Single fertilization in barley —HARLAN and Popr’ have discovered some 
strains of barley in which certain abnormalities appeared in seed development, 
notably a few seeds lacking an embryo, and a much greater number deficient in 
endosperm. These seeds were investigated, and the conclusion reached that 
they were to be explained by failure of ‘double fertilization.” No cytological 
investigation was undertaken, which might discover this variable behavior of 
the two “male cells.”—J. M. C. 


Embryo of Linum.—Sovkces® has published the results of his investiga- 
tion of the embryogeny of Linum catharticum, with his usual fullness of detail 
and clear illustrations.—J. M. C. 

6 STANDLEY, P. C., Trees and shrubs of Mexico (Passifloraceae-Scrophulariaceae). 
Contrib. U.S. Nat. Herb. 23:849-1312. 1924. 

7 HARLAN, H. V., and Popr, M. N., Some cases of apparent single fertilization in 
barley. Amer. Jour. Bot. 12: 50-53. 1925. 

§ SovugGES, R., Développement de l'embryon chez le Linum catharticum L. Bull. 
Soc. Bot. France IV. 24:925-0938. 1924. 
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